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Combinations of periodontal infection and destructive immune response are contributive factors 
to aggressive periodontitis and gingivitis, resulting in a poor prognosis to periodontal disease 
(Pihlstrom et al. 2005). Probiotic application using lactobacilli can be promising to counteract the 
periodontal disease. Probiotic owns unique properties and expresses beneficial roles in improving 
systemic health and also reducing the incidence of dental caries (Haukioja 2010). Hence, the main 
purpose of my Ph.D. study is to evaluate the dynamic of probiotic lactobacilli in the interaction 
with the periodontal pathogen and innate immune cells in denoting a positive role to prevent the 
periodontal disease.  In this study, dynamic of periodontal pathogens and probiotic lactobacilli 
were evaluated via the following 4 approaches; 1) Inhibitive interaction between probiotic 
lactobacilli and periodontal pathogens via direct and indirect co-culture approaches, 2) 
Counteraction for the mature biofilm of the periodontal pathogens, Aggregatibacter 
actinomycetemcomitans strains by the potential probiotic lactobacilli, 3) understanding the biofilm 
formation of periodontal pathogens on hydroxyapatite surfaces, and 4) activation of phagocytic 
function by probiotic lactobacilli in combating A. actinomycetemcomitans infection. Our finding 
shows, 1) different interaction of inhibition was found in the direct and indirect co-culture method, 
by which significant bactericidal activity by certain species of probiotic lactobacilli was observed 
in the indirect approach, whereas direct co-culture showed vice versa, 2) probiotic lactobacilli were 
potently degrading the matured formed-biofilm of A. actinomycetemcomitans strains, 3) varied 
effect of biofilm formation on the hydroxyapatite surfaces were observed between two periodontal 
pathogen species incorporated with complex calcium intake, 4) probiotic lactobacilli showed the 
potential to induce the murine macrophage polarization prior A. actinomycetemcomitans Y4 
infection. In conclusion, probiotic lactobacilli has found to own beneficial role against the 
periodontal pathogens activity and modulate the macrophage activity toward prevention of 
periodontal disease. This findings are indeed important in providing essential information on the 
physiological dynamics of periodontal pathogen and probiotic lactobacilli, meanwhile 
characterized the new insight into how probiotic lactobacilli roles to counteract the activities of 
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There are hundreds bacterial, fungal, and viral species colonizing the oral cavity however, only a 
limited number of these species contribute to dental caries or periodontal disease (Loesche 1996).  
Basically, most of these species associate to form the biofilms which enable them to sustain and 
survive from the mechanical stress or antibiotic treatment (Avila et al. 2009). Some of the species 
might play the role as commensal species but might become pathogenic in responses to changes 
in the oral cavity for instance quality of an individual`s personal hygiene which is still not 
understood in their mechanism (Avila et al. 2009). According to a report, the pathogenic bacteria 
are always present in a pathogenic state, but the commensal bacteria, which are higher in number 
prevent the dangerous microbe from establishing a foothold (Pennisi 2005).  Whereas, another 
study reported that some elusive trigger from the environment or temporal signals stimulate the 
bacterial activity causing the disease state (Avila et al. 2009). The interaction between the good 
and bad bacterial species raise our interest. For instance, what is the potential that might be owned 
by the good species bacteria against the pathogens?  The information of inhibitive interaction 
might be useful to understand the shape of communication and the ecological consequences that 




Hence the balance of microbial communities are bound to impact the health of individual humans 
and understanding of the dynamic may useful for the next level in medical diagnostic tools (Avila 
et al. 2009).  Our interest is to evaluate the dynamic of probiotic lactobacilli and the oral pathogens 
for the periodontal disease counteraction. Interestingly, beneficial roles own by the probiotic 
lactobacilli might be supportive in promoting better health either by antagonistic interaction with 
the pathogens or inducing the good immune response upon to infections (Caglar et al. 2005; Kõll-
Klais et al. 2005; Szkaradkiewicz et al. 2011). Thus, our focus is to evaluate the potential of 
probiotic lactobacilli to encounter the periodontal disease that involves the inhibitory interaction 
with the periodontal pathogen, biofilm counteractions and also the activation interaction with the 
immune cells prior to periodontal pathogen infection. The dynamic of the probiotic lactobacilli 
and the periodontal pathogen was evaluated in the planktonic level, biofilm level, or with the 
association of the innate immune cells (Figure 1.1) 
Figure 1.1 Schematic diagram of this study.   
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In the first part of this study, the inhibitive interaction of probiotic lactobacilli against periodontal 
pathogens was determined via direct and indirect co-culture methods. These approach might 
provide some novelty since the inhibition interaction was evaluated by comparing the direct and 
indirect interaction of the probiotic lactobacilli with the periodontal pathogen. In addition, several 
studies focus on the cell-free supernatant of probiotic lactobacilli which only provide one way 
interaction of bacteria. The direct and indirect co-culture approach might represent the real 
situation that occurred in an oral cavity.  In addition, organization of the bacterial structure in a 
biofilm itself might involves direct and indirect interactions which contribute to variety of the 
virulence expression (Giaouris et al. 2015). Thus, the study of bacteria interaction in the direct and 
indirect co-culture approach might give some information on how this condition may influence 
their growth and virulence activity. 
 
In the second part of this study, biofilm degradation has become our main motivation. Biofilm 
activity is a potent stage of microbial activity. Conceptually, during the biofilm stage bacterial 
cells able to express their resistant against the host immune cell or antibiotic treatment. 
Degradation of biofilm may disperse the bacterial cells into planktonic form which will ease the 
process of elimination by the immune cells or the killing effect by the antibiotic (Spoering and 
Lewis 2001). Correspond to this, motivation has been focus on the potential of probiotic 
lactobacilli to degrade a matured periodontal pathogen`s biofilm. Though the biofilm formation in 
a dental plaque is structured by multiple species of bacteria (Saini et al. 2011), the ability of biofilm 
degradation was focus on the matured biofilm of a species of periodontal pathogen which 
important in aggressive periodontal disease, A. actinomycetemcomitans strains. Definite effect of 
probiotic lactobacilli toward A. actinomycetemcomitans strains may provide some impact for 
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encounter aggressive mode of periodontal disease and other systemic disease that associated with 
this species. 
 
In the third part of this study, the effect and activity of biofilm formation by the periodontal 
pathogens, A. actinomycetemcomitans or P. gingivalis on dense and porous type hydroxyapatite 
(HA) was evaluated.  Basically, enamel and dentin primarily comprise of calcium phosphate and 
own the molecular structures that similar to hexagonal HA, which produces the white appearance 
of enamel (Pepla et al. 2014). In addition, HA densities do not differ significantly between the 
buccal and lingual sides of enamel at the outer, middle, and inner layers (Sreenivasan et al. 1993). 
Thus, dentin and porous may provide as enamel-like and dentine-like surface of a teeth. The effect 
of biofilm formation by the periodontal pathogen on different surfaces of HA may provide 
information on the influence of surface properties and the bacterial activity. 
 
Finally, the last part of this study has been focused on the ability of the probiotic lactobacilli to 
activate a macrophage cells prior to infection with a periodontal pathogen, A. 
actinomycetemcomitans. It was reported that probiotic bacteria able to modulate the immune 
response via reducing the pro-inflammatory cytokines by the peripheral blood mononuclear cells 
(Grangette et al. 2005), and inactivate the pro-apoptotic p38 mitogen-activating protein kinase 
signaling pathway in epithelial cells (Yan et al. 2007).  Part of A. actinomycetemcomitans virulence 
mechanism is via inhibiting the phagocytosis activity of the macrophage cells (Ando-Suguimoto 
et al. 2014) and resulting the immunosuppressive response of the immune system (Shenker et al. 
2003).  Correspond to this situation, our motivation is to determine the ability probiotic lactobacilli 
to activate the macrophage cells prior to A. actinomycetemcomitans Y4 cells infection. The 
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effectiveness of the probiotic lactobacilli in activates the macrophage cells were evaluated by 
comparing the activity of the activated macrophage cell with those without probiotic lactobacilli 
activation prior to A. actinomycetemcomitans Y4 invasion. 
 
Overall of the studies, application of probiotic lactobacilli might be a promising biotherapy agent 
in order to encounter the periodontal pathogen, A. actinomycetemcomitans and P. gingivalis 
infections. Several merits were shown by the probiotic lactobacilli against the periodontal 
pathogens and macrophage cells thru the in-vitro study. Thus, in vivo evaluation and extraction of 
the active and pure compounds from probiotic lactobacilli might be useful to reconfirm the 
capability of probiotic approach prior to application at the clinical level. 
 
1.2 Periodontal disease 
 
Periodontal disease is highly prevalent and can affect up to 90% of the worldwide population 
(Pihlstrom et al. 2005). It is defined clinically by progressive loss of probing attachment and 
radiographically by progressive loss or alveolar bone (Lamster and Karabin 1992). Periodontal 
disease is initiated by the biofilm formation (dental plaque) which later promote the chronic 
gingivitis and periodontitis. Conceptually, periodontal disease is a host-microbial interaction in 
which both host and bacterial factors determine the outcome, thus an imbalance in the bacterial 
and host factors may resulting a change from healthy condition to a disease condition (Hasan and 
Palmer 2014). It refers to the process of inflammatory of the surrounding tissue of the infected 
area that response to the bacterial activity from the biofilm of a dental plaque on the teeth. Though 
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inflammatory response is a distinct mechanism of a host immune system, the mechanism that 

























This is due to virulence phenotype of the pathogens living in the biofilm that evolve to distract the 
normal pathway the immune response via cytokines exploitation and gene expression modulation 
(Kanangat et al. 2001; McLaughlin and Hoogewerf 2006). 
 
Such mechanism is not observable in the planktonic form of bacterial suggesting that genes which 
responsive to the cytokines are upregulated in the form of biofilm (McLaughlin and Hoogewerf 
2006). This process is rationale to progressiveness of a periodontal disease since oral cavity 
contains mixtures of microbial biofilms. Thus, targeting the biofilm stage is an important approach 
in order to encounter a periodontal disease.   
 
In this study aggressive periodontitis has become more concern. Basically, patients with aggressive 
periodontitis shown limited microbial deposits that are seemly inconsistency with the severity of 
tissue destruction and bone loss during the infection (Newman et al. 2014). Interestingly, high 
level of Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis were found in 
the deposits of infected periodontium (Newman et al. 2014). In addition, abnormal phagocyte and 
a hyper responsive monocyte or macrophage phenotype were also evaluated in the patient with 
aggressive periodontitis (Khorsand et al. 2013; Shaddox et al. 2010). Though conventional 
periodontal therapy such as scaling with root planning, oral hygiene instruction and surgical 
intervention were employed, the result is unpredictable for the case aggressive periodontitis 
(Prakasam et al. 2012). The prognosis of aggressive periodontitis is usually poorer compared to 
patients with chronic periodontitis (Prakasam et al. 2012). In the case of aggressive periodontitis, 
presence of periodontal pathogens specifically Aggregatibacter actinomycetemcomitans and 
Porphyromonas gingivalis have been reported as the reason that aggressive periodontitis is not 
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respond well to conventional therapy (Newman et al. 2014). This is due to the ability of these 
pathogens to invade and remain in the periodontal tissue and re-infect the periodontal pocket 
(Christersson et al. 1987; Kapoor et al. 2012). Thus, systemic antibiotics treatment has been used 
incorporated with the conventional periodontal therapy with the aim to support the host defense 
system against the infection that might remain after the therapy (van Winkelhoff et al. 1996). 
Although antibiotic application providing better prognosis for the disease, significant challenge on 
the side effects and development of bacterial resistance is still remains unclear. (Soares et al. 2012). 
Therefore, different approach must be investigated as an alternative resolution for this problem.   
 
1.2.1 Periodontal pathogens and virulence properties 
 
Aggregatibacter actinomycetemcomitans is a Gram negative, facultative anaerobe, coccobacillus 
approximately 0.4 ± 0.1 X 1.0 ± 0.4 µm (Zambon 1985). A. actinomycetemcomitans is non-
sporulating, non-motile and oxidase and catalase positive. (Fives-Taylor et al. 1999). The colony 
appearance of is small (0.5-1.0 mm) in diameter and translucent with irregular edges appear 
smooth, circular and convex (Fives-Taylor et al. 1999).  Since it’s localized at gingival crevice, O2 
density was varied depends on the depth of tissue (Loesche et al. 1983), hence this species able to 
grow in both microaerophilic and anaerobic condition.  A. actinomycetemcomitans is strongly 
correlated with the pathogenesis of aggressive periodontitis (Cortelli et al. 2005; Wu et al. 2007). 
It is assumed as the primary etiologic agents of Localized Aggressive Periodontitis (LAP), chronic 
periodontitis and severe-non oral infections (Handerson Brian et al. 2002). The prevalent of this 
species was reported at nearly 90% in localized juvenile periodontitis, and 30 to  50% in severe 
adult periodontitis (Asikainen and Alaluusua 1993). Currently, A. actinomycetemcomitans has 
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been recognized based on the immunodominat antigen, which is O-polysaccharide of 
lipopolysaccharide, which divide this species into seven serotype (a to g) (Takada et al. 2010). 
Among those serotypes, serotype b strains are reported often predominate in periodontal lesions 
of LAP patients (Zambon 1985). Rapid loss of bone is the hallmark in rapid periodontitis patients 
which are among 25 to 30 years of age. Infrequently, this bacterium was reported can invades 
submucosa can leads to non-oral infections such as bacteremia, localized abscess, and infective 
endocarditis (Amarasinghe et al. 2009). 
 
Virulence factors of A. actinomycetemcomitans contribute to strong association with periodontal 
disease and also systemic disease. They include the factors that (1) promote their colonization and 
persistence in the oral cavity such as adhesins (Rosan et al. 1988), invasins (Meyer et al. 1996), 
bacteriocins (Lucia et al. 2002) and antibiotic resistance (Kulik et al. 2008), (2) interfere with host 
defense system such as leukotoxin (Kraig et al. 1990), chemotactic inhibitors (Ashkenazi et al. 
1992), immunosuppressive proteins, and Fc-binding proteins (Tolo and Helgeland 1991) , (3) 
destroy the host tissues such as cytotoxins, collagenase, bone resorption agents and stimulator of 
inflammatory mediator (Henderson et al. 2010), and (4) inhibit host repair tissue by production of 
inhibitor of fibroblast proliferation and bone formation (Belibasakis et al. 2002).In addition, among 
several cytotoxins produced by A. actinomycetemcomitans, cytolethal distending toxins (CDT) and 
pore-forming repeat in toxins (RTX) are mostly reported. CDT induces cell distention, cell cycle 
arrest and death in mammalian cells (Matangkasombut et al. 2010). Whereas RTX toxin is the big 
family of leukotoxins which induced rapid cell lysis and apoptosis (Bhakdi and Tranum-Jensen 
1987). In addition, A. actinomycetemcomitans was reported able to produce bacteriocin known as 
actinobacillin (Hammond et al. 1987; Lucia et al. 2002). This compound active against 
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Streptococcus sanguis strains, Streptococcus uberis (FDC1), Actinomyces viscosus T14 and other 
periodontal microorganism as well as A. actinomycetemcomitans (Hammond et al. 1987). This 
might provide advantage to the producer strains, especially in competitive ecosystem in 
conquering the community. However, this might contributes to the imbalance of the ecology in the 
oral ecosystem which later contributes to increase risk of periodontal destruction (Asikainen and 
Chen 1999) 
 
Porphyromonas gingivalis is a black-pigmented gram-negative, non-motile, obligate anaerobe, 
coccobacillus, (How et al. 2016; Wu et al. 2007), and a major pathogen in severe forms of marginal 
periodontitis and refractory periapical periodontitis (Noguchi et al. 2005). This bacterium has been 
describe in 37 to 63% of localized juvenile periodontitis patients (Slots and Ting 1999).  The main 
colonization area is in the subgingival sulcus of the human oral cavity (How et al. 2016), and relies 
on the fermentation of amino acid for energy production (Bostanci and Belibasakis 2012). This 
bacterium commonly colonized deep periodontal pockets of chronic periodontitis patients and 
occasionally found in a healthy periodontal tissue without inflammation (Liu et al. 2003). In 
addition, P. gingivalis is known to express its virulence factors which penetrate the gingivae and 
cause tissue destruction directly or indirectly by induction of inflammation  (Hajishengallis et al. 
2012) 
 
P. gingivalis owns several virulence factors such as capsule, fimbriae, protease, hemagglutinins, 
lipopolysaccharide (LPS), outer membrane proteins (OMP) and outer membrane vesciles (OMVs) 
(Hajishengallis and Lamont 2014; Lamont and Jenkinson 1998). Other than adhesion capacity, 
encapsulation of P. gingivalis reported as highly correlated with increase resistance to 
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phagocytosis, serum resistance and decrease induction to polymorphonuclear leukocyte 
chemiluminescence (Singh et al. 2011). Whereas, fimbriae of P. gingivalis mediates the adherence 
of this species to a wide range of oral substrates and molecules such as extracellular matrix proteins, 
oral epithelial and to commensal or early colonizer species (Amano 2007). P. gingivalis LPS is 
poorly recognized by the innate immune system compared to other LPS by the Gram negative 
bacteria (Liu et al. 2008), and affect the activation of neutrophils, eosinophils and basophils 
(Yoshimura et al. 1997).  
 
 The expression of these virulence is often regulated in response to the changes of external 
environmental of the periodontal pathogen (How et al. 2016). Susceptible host and excessive 
immune response due the P. gingivalis infection may promote in a rapid and significant destruction 
of periodontal tissues, bone resorption, induction of pro-inflammatory cytokines and interruption 
of host protective mechanism (How et al. 2016). 
 
1.2.2 Dental biofilm  
 
Biofilm is a resistant stage of the bacterial which prevent them from the actions of immune cells 
or antibiotics. It is defined as an assemblage of microbial cells that is irreversibly associated with 
a surface and enclosed in a matrix of polysaccharide material (M.D 2002). Aggregation is the 
foundation of bacterial interactions in a biofilm formation, which one species able to co-aggregate 
with many other species via cell-to-cell recognition (Huang et al. 2011). The process of biofilm 
formation is initiated by the attachment of the bacteria cells on a surface with an ideal environment 
for adhesion and growth of the microorganism (M.D 2002). Development oral biofilm involves of 
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complex process which composed of early colonizer, middle colonizer and late colonizer. Early 
colonizer species require the host salivary glycoproteins to attach to the surface of a tooth. Early 
colonizer bacterial such as Streptococci spp, Haemophilus spp, Capnocytophyga sp, Veillonella 
spp and Actinomyces spp, will adhere to a pellicle of salivary glycoproteins and begins to secrete 
EPS, a component that assist the aggregation of bacteria to the pellicle (Huang et al. 2011).  
Subsequent to this process, the early colonizer bacterial will provide a specific binding sites for 
subsequent bacterial colonization that promote the development of biofilm. Late colonizer 
recognized the polysaccharide or protein receptor on the pioneer bacteria cell surface for 
attachment. The late colonizer bacterial species are Fusobacterium nucleatum, Treponema spp, 
Tannerella forsynthensis, P. gingivalis and A. actinomycetemcomitans  (Foster and Kolenbrander 
2004). 
 
A. actinomycetemcomitans biofilm shown as played important role for the ability of this bacterium 
to sustain in oral cavity. Base on Kaplan et al. (Kaplan et al. 2003) study, A. 
actinomycetemcomitans form tenacious biofilms on the surfaces such as glass, and saliva-coated 
hydroxyapatite. This property might be dependent of the presence of long and bundle adhesive 
fimbriae that formed on the cell surface of this bacterium (Rosan et al. 1988).  Study of mutants 
with deleted gene flp-1, fimbriae mutants caused failure to produce fimbriae or attachment to 
surfaces (Kachlany et al. 2001).  Morphology of matured A. actinomycetemcomitans biofilm 
colonies was similar to the tower and mushroom shape which commonly observed in other species 
such as Pseudomonas aeruginosa, P. fluorescens, Salmonella spp., P. putida, Vibrio 
parahaemolyticus and V. cholera (Lawrence et al. 1991; Prouty et al. 2002; Watnick and Kolter 
1999).  The inner structure of the biofilm colony displayed as non-aggregated cells and large 
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transparent cavity, whereas from outside of the biofilm colony presents a layer of densely packed 
cell (Kaplan et al. 2003). Furthermore, A. actinomycetemcomitans biofilm able to spread their cells 
via releasing their single cells or smaller cluster of cell into liquid medium that subsequent by 
attachment to other surfaces such as culture vessel and form new biofilm colonies (Fine et al. 1999; 
Kaplan et al. 2003). 
 
P. gingivalis was reported as late colonizer and require other species such as Streptococcus spp for 
the co-adherence and biofilm development (Cook et al. 1998). In addition, biofilm formation of P. 
gingivalis is influence by the gingipains proteins of cell surface of this bacterium which play roles 
in the interaction with other bacteria and cause significant increases in biovolume when grown in 
combination with other periodontal pathogen, Treponema denticola (Zhu et al. 2013). In addition, 
P. gingivalis, T. denticola and Tannerella forsythia are consistently found in subgingival plaque 
samples of periodontal disease subjects (Socransky and Haffajee 1993). This may suggest 
synergistic polymicrobial biofilm formation leads to disease progression than individual species. 
However, among those species, P. gingivalis has been shown as well-define virulence factors such 










1.3 The immune system  
 
1.3.1 Response of the immune system to an infection 
 
Immune system is a complex system which consist of specialized cells and organs that evolved to 
defend and protect the body against an infections. Immune system is consist of two type of 
immunity called innate (non-specific) immunity and adaptive (specific) immunity (Schindler 
1991). The innate immunity is rapid in response, non-selective to the pathogen and role to be the 
first line defense during an infection. Whereas, adaptive immune response is slow in response and 
highly selective to the pathogen infected the body (Schindler 1991). The specific immunity 
involves two type of responses which are antibody mediated or cell mediated responses by the 
cytotoxic lymphocyte (GR 1996).  
 
Briefly, activation of the immune response is begin when a pathogen or foreign compound enters 
the body. Macrophages will play roles to engulf the pathogen through the process namely 
phagocytosis. Subsequent to this process, the ingested pathogen were process and display the 
allergen fragment on their surfaces. The macrophages that display the allergen on their surfaces 
are called as antigen presenting cell (Janeway CA Jr et al. 2001). Afterward, the antigen presenting 
macrophage will react with the T-helper cell, and allow the recognition of the same allergen. 
During this interaction, antigen presenting macrophage will release an alarm signal called 
interleukin-1 that function to stimulate the T-helper cell to secrete the interleukin-2.  Subsequently, 




Some of the normal cells that infected by the pathogen will also engulf the pathogens and display 
the allergen fragment on their cell surface. Subsequently, the particular allergen will be recognized 
by the cytotoxic T-cell, and induce the production of a chemical that targeting to the infected cells, 
and resulting death of the infected cells and also destruction of the pathogens (GR 1996). 
Meanwhile, B-cell functions to recognize the particular allergen. When B-cell becomes activated 
by the T-helper cells, the B-cell will differentiate into plasma cells, and producing the antibodies 
which specific to the infection. The antibodies will flooding the blood stream and attach to the 
surface of the pathogen, and marking them for the destruction by macrophages (Janeway CA Jr et 
al. 2001). Some of the B cell, does not proliferate to plasma cells which producing antibody, but 
instead become memory B-cell which will survive for several decades. Because of this memory B 
cells, the secondary immune response to a future infections by the same pathogen will be ready 
and stronger. 
 
1.3.2 Phagocytosis  
 
Phagocytosis is the first line and plays an essential in the immune response activity. Phagocytosis 
is a process whereby cells ingest large particles , usually over 0.5 µ diameter (Rosales 2008) such 
as bacteria, dead cells or any foreign particles entering the body system (Richards and Endres 
2014). The participation of phagocytosis activity may involve in homeostasis, tissue remodeling 
and most important is in host defense activity via the uptake and killing of infectious pathogens 
(Rosales 2008). In the immune systems, there are specialized cells that responsible for the 
phagocytosis activity which is called as professional phagocytes (Paul 2012). The phagocytes cells 




The phagocytosis activity is triggered by the interaction of opsonin which bind on the surface of 
particles or pathogens to be internalized with the specific receptor on the surface of the phagocyte 
cells (Paul 2012). Exposure to many foreign particles or pathogens may evolve the phagocyte cells  
 
 
Figure 1.3 The schematic diagram of phagocytosis activity. 
(Source: http://textbookofbacteriology.net/Bact100/phago_defense.html) 
 
to express a wide array of membrane receptors in order to allow them recognize a wide array of 
molecular determinants of the phagocytic targets (Paul 2012).  An established membrane receptor 
in phagocytosis is Fcy receptors which recognize particle coated with immunoglobulin G (IgG) 
(McKenzie and Schreiber 1998). The interaction of the phagocyte cells with the opsonin will 
induce the membrane protrusions called pseudopodia to surround the targeted particle followed by 
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engulfment (Richards and Endres 2014).  Subsequently, the particles will be trapped in the 
phagosome which fuses with lysosomes that function to digest or kill that particular particle.  
 
1.3.3 Macrophage activation  
 
There are variety of terms have been used to describe a macrophage which express changes from 
its resting state such as stimulated, induced, armed, angry and activated. In this study, the term of 
activated macrophage was used to define the changes that occurred induced by the bacteria. This 
is synchronize with the activated term that was defined as functional changes that occur in 
macrophage which infected with intracellular bacteria and enhanced the bactericidal properties 
(Mackaness 1964).  
 
Basically, there are two subtypes of macrophage activation; M1 and M2 macrophages. The M1 
macrophages are defined for their ability to assist in a T helper-1 (Th-1) immune response 
mediated by IFN-γ, IL-1β,  and TNF-α (Parihar et al. 2010). The M1 macrophages present antigens 
to B cells and express the production of pro-inflammatory cytokines and reactive oxygen and 
nitrogen species which important for the killing mechanism of infected pathogens or tumor cells 
(Sica and Bronte 2007). 
 
In contrast, the M2 macrophage acts to up-regulate the expression of anti-inflammatory cytokines 
and down-regulate the production of pro-inflammatory mediator. The activity is characterized by 
the production of IL-4, IL-10, and high expression of transforming growth factor beta (TGFβ), 
promote angiogenesis by expressing vascular endothelial growth factor (VEGF), and tissue 
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remodeling and repair by expressing matric metalloproteinases (Luo et al. 2006; Sica and Bronte 
2007). 
 
In this study, the purpose has been focus to M1 macrophage in order to evaluate the roles of 
probiotic lactobacilli activated macrophage to induce clearance of A. actinomycetemcomitans Y4. 
The M1 macrophage was also defined as innate or classical activation (Mukhopadhyay et al. 2006).  
The M1 macrophage may occurred via toll-like receptor ligands (TLRs) which recognized the 
component of microbes such as lipoposachharides (LPS), muramyl dipeptide and lipoteichoic acid 
(Nau et al. 2002).  Recently, LPS which is from Gram negative bacteria is the best studied M1 
macrophage signal and is recognized by TLR 4 which later induce the activation of inflammasome 
(Kayagaki et al. 2013), subsequently causing strong pro-inflammatory cytokines profiles, 
chemokines,  antigen presenting molecules, co-stimulatory molecules and antigen processing 
peptidase (Martinez and Gordon 2014).  
 
1.3.4 Cell cycle phases 
 
Basically, the eukaryotic cell cycle is divided into two major parts which are mitosis and interphase. 
Mitosis is the separation of daughter chromosomes and usually ending with cell division. Whereas 
interphase is the period of cell growth and DNA replication which occurred in an orderly manner 














Figure 1.4 The phases of cell cycle (Alberts B et al. 2002) 
 
The G1 phase corresponds to the interval between mitosis and initiation of DNA replication which 
most cells are metabolically actives and continuously grows (GM 2000). Whereas S phase 
corresponds to synthesis or replication of DNA is take place. Completion of DNA replication is 
followed by G2 phase, where cell continues growth and proteins are synthesized prior to mitosis. 
(Alberts B et al. 2002) 
 
Recently, the apoptotic cells can be identified based on the DNA content. DNA fragmentation that 
occurred during apoptosis of a cell able to be detected via fluorochrome staining method and 
analyzed as fractional  (SUB-G1) DNA content (Kajstura et al. 2007). Principally, apoptotic cells 
contain fractional DNA content, therefore following the staining method, it can be recognized as 
cells with a deficit in DNA content which often define as sub-G1 peak or hypodiploid peak 




1.4 Probiotic bacteria  
 
Though antibiotic has been introduced over 50 years, infectious disease remain a major health 
problem. The rates of nosocomial infection is not declining and multi-drug resistance bacteria is 
continue to emerge (Stamm et al. 1993). The alarming of spread infections plus inappropriate 
antibiotic usage or therapy may worsen the situation (Vallés et al. 2003). Hence, alternative to 
antibiotic therapy by using probiotic has been proposed to be roles to counteract the disadvantages 
of antibiotic application.  
 
1.4.1 Possible mechanism for periodontal disease counteraction  
 
The mechanism of probiotic action in the oral cavity is suspected to be similar as those observed 
in another part of the body. Since periodontal disease is highly correlated with dysregulation of 
immune response (Cekici et al. 2014), immunomodulation properties of probiotic lactobacilli 
might be a relevant counteraction mechanism. The components of probiotic lactobacilli such as 
metabolites, cell wall component, and DNA are able to recognize by the host immune cells 
(Delcenserie et al. 2008). A specific component of the cell wall such lipoteichoic acids of probiotic 
lactobacilli reported inducing TNF-α activities in RAW 264.7 macrophage through TLR2 
(Matsuguchi et al. 2003b). In addition, L. acidophilus and L. casei were found able to induced a 
high-level expression of B-cell lymphoma 2 (Bcl2) gene which imply the induction of activation 




Other than immunomodulation, the antimicrobial properties of the probiotic lactobacilli is also 
beneficial for periodontal disease counteraction. Probiotic lactobacilli were reported produced a 
wide array of compounds with an antimicrobial action such as lactic acid, hydrogen peroxide, 
bacteriocin and bacteriocin-like inhibitory substances (Gillor et al. 2008; Kõll-Klais et al. 2005; 
Samot and Badet 2013).  Inhibitory properties of the probiotic lactobacilli might function to inhibit 
the growth of o pathogenic bacteria in the oral cavity. For instance, the bacteriocin production may 
provide an advantage for the survival of the probiotic lactobacilli in the oral cavity and prevent the 
growth of the pathogens (Samot and Badet 2013). Meanwhile providing an oral tolerance or 




Hydroxyapatite is a calcium phosphate which high similarity to the bone and teeth in their 
morphology and composition (Wei and Ma 2004). The analysis of the x-ray diffraction (XRD) 
pattern showed similarity with enamel, dentin and bone  and the chemical analysis found the 
similarity in their principal composition which are calcium and phosphate or idealized as 
Ca10(PO4)6(OH)2 (Brown and Constantz 1994). 
 
There is well studies of the hydroxyapatite in terms of mechanical properties and chemical 
composition and their comparison the hard tissues mainly teeth and bone (Goldberg et al. 2011; 
Kim et al. 2005; Porter 1994; Tschoppe et al.). Due to highly similarity to bone minerals and bone 
apatite, and in having bioactive and osteoconductive properties, HA has been established as a 
biocompatible material that chemically binds to bone and induces no local or systemic toxicity or 




Table 1.1 Comparison of chemical composition and mechanical properties of enamel, dentin 
and hydroxyapatite. (Al-Sanabani et al. 2013a; Gruner J.W et al. 1937; Porter 1994) 




Calcium, Ca2+ 36.5 35.1 39.6 
Phosphorus, P 17.7 16.2 18.5 
Ca/P (molar) 1.63 1.63 1.67 
Total inorganic (%) 97 70 100 
Mechanical properties  
Theoretical Density (g/cm3) 3.055  3.024  3.156 
Modulus elasticity (MN/m2) 1.4x104 NA 1.1-1.3x104 
NA represent not available data 
 
The high in similarity allows the clinical application hydroxyapatite. In addition, calcium 
phosphate found to have positive interaction with living tissues including the growth of immature 
cells towards bone cells (Hench 1991). Specific to dentistry, hydroxyapatite has been used to repair 
periodontal defects, augmentation of alveolar bone, sinus lift, tooth replacement and also repair of 
large bone defect that caused by tumors (Jarcho and Michael 1981; LeGeros 2002; Uchida et al. 
1990). In addition, hydroxyapatite is also used as scaffold in the tissue engineering for bone and 







 Main objectives of the study are: 
 
1. To determine the inhibitive or killing interaction of probiotic strains against periodontal 
pathogens. 
2. To determine the potential of biofilm counteraction by probiotic strains against periodontal 
pathogens. 
3. To evaluate the effect and behavior of biofilm activity by periodontal pathogen on the 
biomaterial (hydroxyapatite) surfaces 
4. To observe the potential of probiotic strains in activates the innate immune cells 

















GENERAL MATERIALS AND METHOD 
 
2.1. Bacteria strains and culture condition 
 
Thirteen probiotic strains were used in this study. Ten strains, Lactobacillus paracasei subsp 
paracasei 3533, L. sake IFO 3541, L. casei subsp. rhamnosus IFO 3831, L johnsonii NBRC 13952, 
L. plantarum NBRC 15891, L. fermentum NBRC 15885, L. casei NBRC 15885, Leuconostuc 
fructosum NBRC 3516, and Lactococcus lactis NBRC 12007 were obtained from the Kitakyushu 
National College of Technology, Japan. The other three strains were bought from the Japan 
Collection of Microorganism (JCM), L. fermentum JCM 1137, L. delbruecki subsp. casei JCM 
1012, and L. acidophilus JCM 1021. All probiotic strains were grown in De Man, Rogosa, and 
Sharpe (MRS) agar supplemented with l mL/L Tween 80 (Fluka, Sigma-Aldrich) under anaerobic 
conditions at 37C for 48 h. Whereas periodontal  bacteria are A. actinomycetemcomitans strain 
Y4 and Porphyromonas gingivalis 381 was obtained from Kyushu Dental University, Japan, and 
Streptococcus sanguinis ATCC 10556  and was grown in a brain-heart infusion (BHI) (Wako) 
containing brain heart (8 g/L), peptic digested animal tissue (5 g/L), pancreatic digested casein (16 
g/L), sodium chloride (5 g/L), 0.2% glucose (w/v), and disodium phosphate (2.5 g/L) with 1% 
yeast extract. The culture was shaken at 120 rpm and incubated at 37C and 5% CO2 for 48. 
 
Whereas, two species of periodontal pathogens were used in this study; Aggregatibacter 
actinomycetemcomitans strains (Y4, SUNY 75 and OMZ 534) and Porphyromonas gingivalis 381. 
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A.actinomycetemcomitans strains were grown in Brain Heart Infusion (BHI) medium (Wako) in 
5% CO2 atmosphere at 37C for 48 hours. Whereas, P. gingivalis was grown in Gifu Anaerobic 
Medium (GAM) in anaerobic condition at at 37C for 48 hours. All periodontal pathogen bacteria 
were maintained in the 50% glycerol stock solution in -70C. 
 
2.2. qReal-time PCR 
 
Quantitative real-time PCR for the RNA quantification was performed using StepOne Real Time 
PCR system (Applied Biosystem). cDNA was synthesized using PrimeScript RT reagent kit 
Perfect Real Time (TAKARA Bio Inc.) according to manufacturer protocol. The mixture for 
cDNA synthesis was prepared by using 5 μg of total RNA in 2 μL of 5x Prime Script buffer, 0.5 
μL reverse transcriptase enzyme, 0.5 μL oligo dT primer and 2 μL random mers in 10 μL reaction 
mixture. Subsequently, the mixture was incubated at 25 °C for 10 min and 37 °C for 30 min 
followed by enzyme deactivation at 85 °C for 5 s. The cDNA was stored in -20 °C prior to being 
used for quantitative real-time PCR (qRT-PCR).  The real time PCR mixture (20 µL)   was 
prepared by mixing 100 ng of cDNA in 10 µL Taqman Fast Advance master mix (Life 
Technologies), 0.4 µL Taqman probe (10.5 µM), and 1.8 µL each primer (10 µM). Each cDNA 
template were analyzed in triplicates. The cycling condition was set to UNG incubation at 50 for 
20 min, followed by denaturation step at 95C for 10 min and denaturation step set to 40 cycles 
with each cycle consisted at 95C for 15 sec and 60C for 60 sec. The sample was analyzed based 




In case of gene expression, total RNA was employed for cDNA synthesis using ReverTra Ace 
qPCR RT master mix (Toyobo Co. Ltd. Japan), following manufacturer protocols. Primers for RT-
PCR were designed using Primer Express 3.0 software (Applied Biosystems, Foster city, CA, 
USA), the reactions were prepared using Brilliant III Ultra FAST SYBR® green qPCR master mix 
(Agilent Technologies, USA) and the detection was performed using Applied Biosystem StepOne 
TM Real-time PCR system. The gene expression was calculated using the comparative CT (ΔΔCT) 
method of the Applied Biosystems.  All samples were normalized using primers specific to the β-
actin gene. 
 
2.3. Scanning electron microscope (sample preparation) 
 
Sample preparation for is crucial in order to maintain the original morphology of the sample. The 
sample preparation for SEM observation was based on method from the previous studies with 
some modification (Fischer et al. 2012; Hazrin-Chong and Manefield 2012; Holt et al. 1980) Each 
bacteria sample was prefixed, dehydrate, and treated with critical drying procedure prior to SEM 
evaluation. During the fixation procedure, each sample will be incubated in 2% of glutaraldehyde 
(final concentration) for 1 hour at 4C. Afterward, the bacteria cell pellet was collected at a low 
speed of centrifugation, at 1000 to 2000 g for 5 or 10 minutes. For the case of biofilm observation 
on the hydroxyapatite, the centrifugation step will skip. The pellets were washed 3 times with cold 
0.1 M phosphate buffer prior to post-fixation in 1% osmium tetroxide for 1 hour at 4C. 
 
Prior to the sample dehydration procedure, each sample that finished the fixation step will be 
washed one time with 0.1M phosphate buffer and  washed twice with sterilized distilled water to 
27 
 
remove the remaining osmium tetroxide from the sample. Afterward, the sample was proceeded 
to graded dehydration procedure via incubation in the 60, 70, 80, and 90% ethanol for 5 minutes 
(1 time) at room temperature. Subsequently, each sample was incubated in the 99% anhydrous 
ethanol for 10 minutes for three times.  
 
Finally, each sample was proceeded to Critical Point Drying procedure. During this procedure, 
each sample was loaded on the glass slide and was fixed with 2.5% glutaraldehyde in 0.1M 
phosphate buffer for 1 hour at room temperature (for the case of hydroxyapatite sample, this 
procedure was skipped). The cells were washed thrice with 0.1 M phosphate buffer prior to post-
fixation with 1% osmium tetroxide in 0.1M phosphate buffer (pH 7.4) for 1 hour. Subsequently, 
the sample was wash one time in 0.1 M phosphate buffer and twice in sterilized distilled water to 
remove the remaining osmium tetroxide. Each sample were proceeded to critical point drying via 
incubation in 95% ethanol solution for 1 min and followed with incubation in 100% 
hexamethyldisilazane (HMDS), thrice for 5 minutes. Afterward, each sample was dehydrated in 
HMDS and ethanol at ration 1:1 for 15 mins. Finally, the each sample was incubated in 100% 
HMDS at room temperature for 15 mins for two times prior to allowing for drying for at least 4 









2.4. Analytical method 
 
2.4.1. Lactic acid analysis 
 
Organic acid analysis was performed according to the method Shinagawa et al.1997 (Shinagawa 
et al. 1997). Organic acid sample was collected via centrifugation at 13 000 rpm for 1 minutes. 
The supernatant was collected and filtered using 0.2 µm pore-size syringe filter (MInistart, 
Sartorius Stedim Biotech, Germany). Subsequently, the filtered sample was diluted to lower 
concentration (5X) prior measurement. Lactic acid measurement was performed using high 
performance liquid chromatography (Shimadzu LC-10AD, Japan) with conductivity detector 
CDD-6A, and separated by two column system; Shim-packed SCR-102H (8.0mm ID x 300 mm 
L) at temperature 40C. Buffer ( 100 µM EDTA.2Na, 20 mM Bis-Tris, and 5 mM p-Toluene 
sulphonic acid) and mobile phase (5 mM p-Toluene sulphonic acid) were prepared by mixing all 
the components in double distilled water and filter sterilized using 0.45 µm pore size filter paper 
(Lot 10574.38, Thermo Scientific, Nalgene, Japan. Buffer and mobile phase were used as solvent 
at flow rate 0.8 mL/min. Calculation of the lactic acid concentration was performed according to 
prepared lactic acid standard curve. 
 
2.4.2. Trace element measurement (Calcium ion) 
 
Supernatants were collected via centrifugation at 13 000 rpm for 1 minutes, and filter sterilized 
using 0.2 µm syringe filter (MInistart, Sartorius Stedim Biotech, Germany), prior analyzed using 
a Sequential Plasma Spectrophotometer ICPS-8000 (Shimadzu, Japan).  
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2.4.3. pH measurement 
 
pH of all samples were measured using portable pH meter AQUATwin pH meter.  
 
2.4.4.  Cells turbidity measurement. 
 
Bacteria culture suspension with optic density (OD) 0.05 or 1.00 at 600nm wavelength was 
measured using UV/VIS spectrophotometer (JASCO V-530). Whereas for the 96-well samples, 
absorbance was measured using an ELISA micro-plate reader (Tecan, Wako). Each values will be 
















CHAPTER 3:  
 




Probiotic bacteria are alive organism which able to confer a health benefit to the host when 
administered in adequate amounts (Sanders 2008). Generally, abundant of the probiotic come from 
Lactobacillus sp. which Generally Considered As Safe (GRAS) (Samot and Badet 2013) and 
suitable to be used as the bacteriotherapy  in tackling the pathogen infections, therapeutic and 
preventive for health benefits. Some probiotic Lactobacillus sp. originates from the oral cavity 
(Yang et al. 2013), and their prevalence in oral cavity reported as not evidently associated with 
periodontal health (Hojo et al. 2007). Otherwise, other studies mentioned that Lactobacillus sp-. 
comprise less than 1% of the total cultivable human microbiota, but until now no species that 
specific for oral cavity has been found (Haukioja 2010). For instance, L. gasseri and L. fermentum 
are among the most prevalent species in the mouth. However, it was reported that their number 
was almost similar between groups of healthy subjects and subjects with periodontitis (Hojo et al. 
2007). Whereas in other study reported that, the most prevalent strains in the healthy individual 
were L. gasseri and L. fermentum, but in patients with chronic periodontitis is L. plantarum, 
however, the strongest antimicrobial activity evaluated was associated with L. paracasei, L. 
plantarum, L. rhamnosus, and L. salivarius (Kõll-Klais et al. 2005). The association of the 
lactobacillus in oral cavity with dental caries (Caufield et al. 2007) was established, since they was 
consistently isolated from the caries-active sites (Byun et al. 2004; Chhour et al. 2005) and acid 
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produced by the adhered Lactobacillus to the tooth surface prompt to cause irreversible 
solubilization of tooth mineral (WJ. 1996). 
However, an undeniable grand value of the appearance of Lactobacillus in the oral cavity was 
suggested as a relevant target in order to coordinate a microbial balance and to counteract 
pathogenic bacteria, meanwhile prevent the onset of periodontal disease (Vuotto et al. 2014).  In 
addition, probiotic Lactobacillus was also reported able to reduce progressive inflammatory 
activity caused by the periodontal pathogen in the gum line area (Krasse et al. 2006) by modulating 
the immune response of the host. Furthermore, these friendly bacteria are natural options source 
since its available in fermented food products such as yogurt, cheese, cereal (Nyanzi and Jooste 
2012), vegetable, fruit juices and also raw cured ripened meat product (Kołożyn-Krajewska and 
Dolatowski 2012) . Long-term consumption of milk containing L. rhamnosus ATCC 53103 (LGG) 
among children shown reduce in caries risk, and the number of Streptococcus mutans was reported 
as significantly reduced in the intervention group with Lactobacillus compared to the control group 
during the post-treatment (Ahola et al. 2002). This suggesting that, once Lactobacillus able to 
colonized the oral cavity, they able to employ the favorable effect (Ahola et al. 2002). 
 
Sundry advantages of probiotic Lactobacillus application, make it a promising agent in tackling 
the A. actinomycetemcomitans infections. Different antimicrobial by-products produced by 
Lactobacillus sp. such as organic acids, hydrogen peroxide, carbon peroxide, diacetyl, low 
molecular weight antimicrobial substances, bacteriocins and also adhesion inhibitor (Silva et al. 
1987). Most of these antimicrobial properties are from Lactobacillus supernatants and have been 
proved in many studies. However, little attention has been paid to the inhibitory activity of 
Lactobacillus against pathogens in co-culture system which might represent the real situation in 
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an oral cavity. When more than one species of bacteria share the same area, they either tend to 
have physical contact via adhesion or co-aggregation with each other or being influenced by 
metabolites produced by intra or interspecies within that particular community. This also means 
the involvement of direct and indirect physical interaction between the species might contribute to 
competition for nutrient, commensalism, or symbiosis in order to maintain survives. 
 
Hence, our interest is to evaluate the inhibitory interaction of that might be shown by the probiotic 
lactobacilli against the periodontal pathogens. In this study, two species of periodontal pathogens 
was used; Aggregatibacter actinomycetemcomitans Y4 and Porhyromonas gingivalis 381. Both 
species were used as the targets among other periodontal pathogens due to established virulence 
phenotype that implicates to periodontal disease. A. actinomycetemcomitans is a non-motile, 
frequent colonizer of the oral cavity (Wang et al. 2010) capnophilic, coccoid, gram-negative, and 
opportunistic pathogen that resides in the oral cavity of a large proportion of the human population 
(Norskov-Lauritsen and Kilian 2006). It is generally localized between gums and teeth surface in 
the gingival crevice (Brown and Whiteley 2007). Prolonged colonization may lead to periodontal 
destruction and evolvement of periodontitis in susceptible individuals (Pihlstrom et al. 2005).  
 
Porphyromonas gingivalis is a black-pigmented gram-negative, obligate anaerobe, coccobacillus, 
(Wu et al. 2007), and a major pathogen in severe forms of marginal periodontitis and refractory 
periapical periodontitis (Noguchi et al. 2005). This bacterium has been describing in 37 to 63% of 
localized juvenile periodontitis patients (Slots and Ting 1999).  P. gingivalis owns several 
virulence factors such as fimbriae, proteinases, haemagglutinin, lipopolysaccharide (LPS) and 
outer membrane vesicles (OMVs) (Lamont and Jenkinson 1998). This bacterium commonly 
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colonized deep periodontal pockets of chronic periodontitis patients and occasionally found in a 
healthy periodontal tissue without inflammation (Liu et al. 2003).  
 
A numbers of evidence which implicates A. actinomycetemcomitans and P. gingivalis are adhesive 
and invasive to the human cell (Andrian et al. 2006; Mintz and Fives-Taylor 1994) and role as 
etiologic agents to cause severe infections throughout the human body such as brain abscesses and 
infective endocarditis (Olsen and Yilmaz 2016; Zambon 1985). Several characteristics of infective 
endocarditis that caused by A. actinomycetemcomitans and P. gingivalis reported by the previous 
study, such as  intermittent fever, weight loss, anemia, peripheral sign of endocarditis and 
microscopic hematuria (Brouqui and Raoult 2001; Das et al. 1997; Parahitiyawa et al. 2009; 
Paturel et al. 2004).   
 
In this study, few species of probiotic Lactobacillus was screening for the inhibitive activity 
against the periodontal pathogens. A two type of co-culture approach; direct and indirect were 
used to evaluate the inhibitory activity that was produced the probiotic lactobacilli. These 
approaches might mimic the situation that occurred in the oral cavity. Different species of bacteria 
might interact to inhibit or symbiosis in order to maintain survive. Thus, this study may provide 
useful information on the potential of the inhibitive effect and also their sustainability property of 







3.2. Materials and Method 
 
3.2.1. Bacteria strains and culture condition 
 
A. actinomycetemcomitans strain Y4 and P. gingivalis 381 were obtained from Kyushu Dental 
College, Japan and was grown in brain-heart infusion (BHI) (Wako) with 1% yeast extract at 120 
rpm, 37C in 5% CO2 incubator for 48 hours. The probiotic lactobacilli strains;  L. casei subsp. 
rhamnosus NBRC 3831, L. johnsonii NBRC 13952, L. plantarum NBRC 15891,  L. fermentum 
NBRC 15885,  Leuconostoc fructosum NBRC 3516, Lactococcus lactis NBRC 12007, and  L. 
casei NBRC 15885 were obtained from Kitakyushu National College of Technology, Japan. 
Whereas L. delbrueckii subsp. delbrueckii JCM 1012, L. acidophilus JCM 1021, L. casei subsp. 
casei JCM 1053, and L. fermentum JCM  1137 were bought from Japanese Collection of 
Microorganism (JCM). All probiotic lactobacilli were grown in De Man, Rogosa and Sharpe 
(MRS) supplemented with l mL/L Tween 80 (Fluka, Sigma-Aldrich) in anaerobic condition at 
37C for 24 hours.  
 
3.2.2. Screening for inhibitory activity 
 
Screening for inhibitory activity was evaluated using overlay agar method (Samot and Badet 
2013). In this method, potential probiotic lactobacillus was allow to grow overnight and 
producing their active metabolites on the top of agar surface prior being overlaid with the 
periodontal pathogens. Briefly, 5 mL of freshly prepared MRS agar was poured into the agar plate. 
Subsequently, 2 µL of overnight culture probiotic lactobacillus was drop onto the agar surface 
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and allow to in the biosafety cabinet at room temperature. The plate was incubated for 24 hour in 
anaerobic condition at 37C. After 24 hour incubation, a single big colony should be developed 
on the spotted agar surface. Subsequently, periodontal pathogen in soft agar of BHI medium 
(0.75% agar) was overlaid on the agar plate with the probiotic lactobacilli colony. Prior to this 
procedure, the periodontal pathogen in the soft agar was prepared by adding 1 mL bacteria 
suspension with OD 1 at 600nm into 100 ml BHI soft agar solution. The overlaid agar was allowed 
to dry prior incubated in anaerobic condition at 37C for 48 hours. The inhibitory activity was 
evaluated by inhibition zone that appear between the spotted probiotic lactobacilli colony and the 
periodontal pathogen bacteria that grow form the overlaid agar. 
 
3.2.3. Direct co-culture assay 
 
A. actinomycetemcomitans and Lactobacillus were pre-cultivated in BHI and MRS broth, 
respectively. The cell suspensions were adjusted to OD600nm ~ 1.00 using UV/VIS 
spectrophotometer (JASCO V-530). Thereafter, 10 mL of each culture sample was mixed together 
in falcon tube. 2.5 mL of each MRS broth and BHI broth supplemented with 1% yeast extract were 
added into the co-culture assay as nutrient source for the probiotic lactobacilli and A. 
actinomycetemcomitans Y4. As the positive control, 10 mL of A. actinomycetemcomitans Y4 
culture with the same OD was mixed with 10 mL of 1M PBS, 2.5 mL MRS and 2.5 mL BHI broth 
supplemented with 1% yeast extract. All samples were incubated in anaerobic condition at 37C 
for 48 hour. Each samples were collected for pellet extraction every 0, 24 and 48 hour prior for 
total RNA extraction. Same method was used for the sample collection and RNA extraction for 
the P. gingivalis 381 sample. 
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3.2.4. Indirect co-culture assay 
 
For Indirect co-culture assay, hanging cell-culture insert (Millipore) with 6-well culture plate was 









Figure 3.1: Indirect co-culture assay used to evaluate the inhibitory activity of Lactobacillus 
against A. actinomycetemcomitans. The upper part of the well is the hanging cell insert which 
filled with Lactobacillus, whereas the lower part of the wells is A. actinomycetemcomitans. The 
upper and lower part of this assay was separated by a membrane which allowed the changes of 
metabolites produced from each species to occur. 
 
The bottom part of hanging cell-culture was built with 0.4 µm polyethylene terephthalate (PTE) 
membrane which later function as barrier between probiotic lactobacilli cells and A. 
actinomycetemcomitans cells in the 6-well culture plate. This barrier allows the diffusion of 
macromolecules and will prevent the direct physical contact between two species of bacteria in the 
assay. As a confirmation that the bacteria was well separated by the membrane, samples from the 
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bottom side of 6-well plate was evaluated for the appearance of probiotic lactobacilli cells via 
Gram staining and light microscope observation. The indirect co-culture assay was prepared by 
adding 2 mL of OD600nm ~1.0 A. actinomycetemcomitans cell suspension, and 0.5 mL of BHI with 
1% yeast extract medium into 6-well culture plates. Then, hanging cell culture was put onto top of 
the 6-well plate (Figure 1). Two mL of lactobacilli culture were introduced into the hanging cell 
with addition of 0.5 mL MRS, as nutrient source. As the positive control, 2 ml of single culture of 
A. actinomycetemcomitans was grown in 1 mL BHI, 1 mL MRS and 2 mL PBS. All samples were 
incubated in anaerobic condition for 48 hr. At 24 and 48 hours, A. actinomycetemcomitans Y4 
samples were collected and serially diluted before spread on BHI agar plate supplemented with 
1% yeast extract prior for incubation in 5% CO2 incubator at 37C for 48 hours.  
 
3.2.5. Viability of periodontal pathogens 
 
Viability of the periodontal pathogen from the direct and indirect co-culture assay was determined 
via colony counting (for indirect co-culture) or RT-PCR (or direct co-culture).  
 
3.2.5.1. Colony counting (Indirect co-culture) 
 
In the indirect co-culture, the designed assay allow us to separate the periodontal pathogens and 
probiotic lactobacilli by the PET membrane (0.45 µm pore size). 100 µL samples of the periodontal 
pathogen (at the bottom side of the well) was collected and serially diluted up to 106 in a sterilized 
1M phosphate buffer saline (PBS). A 100 µL of the diluted sample (106, 104, and 102) and without 
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dilution was spread on the BHI agar plate and incubated for up to 72 hours. The colony count was 
performed within 30 to 300 range of colonies. 
 
3.2.5.2. Total RNA extraction, cDNA synthis and quantitative RT-PCR (direct co-culture) 
 
Determination of A. actinomycetemcomitans Y4 and P. gingivalis 381 cells viability from the 
direct co-culture were performed by RNA quantification. A 1.5 ml of the bacteria samples from 
the direct co-culture assay was added in 0.1 mL RNA later buffer (Ambion, Cat#AM7020) in 
RNAse free bead beater tube. The solution was mix by inverting the tube and gently immerse in 
the dry ice just to keep the solution in cool condition (without freezing the sample). Afterward, the 
pellets were harvested by centrifugation at 13000 rpm for 30 secs. The pellets were immersed for 
another time in the dry ice for approximately 30 secs to immediately freeze the cells pellet prior 
keep in -70C, prior further procedure of RNA extraction. Total RNA was extracted using RNeasy 
kit (Qiagen Inc, Valencia, CA) as described by Mohd Yusoff et al. (Mohd Yusoff et al. 2012)  
 
cDNA was synthesized using PrimeScript RT reagent kit Perfect Real Time (TAKARA Bio Inc, 
Cat#RR037A) according to manufacturer protocol. The mixture for cDNA synthesis was prepared 
by using 5 μg of total RNA in 2 μL of 5x Prime Script buffer, 0.5 μL reverse transcriptase enzyme, 
0.5 μL oligo dT primer and 2 μL random mers in 10 μL reaction mixture. Subsequently, the mixture 
was incubated at 25 °C for 10 min and 37 °C for 30 min followed by enzyme deactivation at 85 °C 
for 5 s. The cDNA was stored in -20 °C prior to being used for quantitative real-time PCR (qRT-
PCR). qRT-PCR was performed using StepOne Real-Time PCR System (Applied Biosystem) with 
primers and probe as listed in Table 3.1. Total volume for real-time PCR mixture (20 μL) was 
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prepared by mixing of 100 ng of cDNA in 10 μL Taqman Fast Advance master mix (Life 
Technologies, Cat#444455), 0.4 μL TaqMan probe (10.5 μM), and 0.18 μL each primer (10 μM). 
Each template cDNA was analyzed in triplicates. The three steps of PCR amplification was done 
by UNG incubation at 50 °C for 2 min followed by polymerase activation at 95 °C for 10 min. The 
40 cycles of annealing and extension were done at 95 °C for 15 sec and 60 °C for 60 sec, 
respectively. The construction of standard curve targeting LktC gene was by A. 
actinomycetemcomitans Y4 strain, whereas standard curve targeting gingipain gene was by P. 
gingivalis 381 strain. The DNA was extracted from each pure culture by Ultra Clean Microbial 
DNA Isolation kit (MOBIO, cat#12224) prior to amplification. The slop and intercept values the 
LktC genes and Arg-gingipain gene primer were calculated by plotting CT values against logarithm 
of template DNA copy number (Morillo et al. 2004). The slope and intercept were summarized in 
the table 3.2. The calculation of copy number was performed base on DNA concentration 













Table 3.1 Primer and probe set used in qRT-PCR 
Target  Primer 
and probes 















































Table 3.2: Real-time PCR standard curve using A. actinomycetemcomitans Y4 and P. 
gingivalis  381 
Parameter A. actinomycetemcomitans Y4 P. gingivalis  381 
 
Linear range (copy µ/L) 1 x 106 - 1 x 1011 
 
1. x 106 – 2.5 x 1011 
 
Slope -3.617 -2.673 
R2 of slope 0.934 0.9703 
Intercept 65.211 53.758 








3.2.6. pH and lactic acid profile  
 
In order to evaluate the influence of acidic environment towards the inhibition activity, the culture 
supernatant from direct and indirect co-culture were collected measured for pH value using 
AsONE pH meter and their lactic acid value using HPLC (Shimadzu LC-10AD, Japan). For the 
direct co-culture, sample of supernatant was collected directly from the assay. In contrast for the 
case of indirect co-culture assay, the supernatant was collected from the bottom part of the well 
which containing the A. actinomycetemcomitans Y4 or P. gingivalis 381 cells. Collected 
supernatant was filter sterilized using 0.2 µm pore-size filter  (MInistart, Sartorius Stedim Biotech, 
Germany) and diluted to 10X using filter sterilized distilled water prior analyzed using HPLC. 
 
3.2.7. Susceptibility of periodontal pathogens to lactic acid. 
 
One of the factor that might contribute to inhibition of periodontal pathogen is lactic acid. This is 
because, lactic acid is one of the main product that produced by the lactobacilli. Thus, based on 
the concentration of lactic acid that presence in the direct and indirect co-culture assay, the 
susceptibility of the periodontal pathogen was determined using Magaldi et al. well-diffusion 
method, with some modification (Magaldi et al. 2004). Overnight culture of A. 
actinomycetemcomitans Y4 was prepared in BHI broth. The bacteria suspension was adjusted to 
OD 0.4 at 600 nm to prepare 2 x 1010 cell/ml.  A 10 ml of fresh BHI agar was prepared and allow 
to cool to 50C. A 1 ml of bacteria suspension was inoculated into the liquid-agar and allow to 
homogenize by gentle shaking. Subsequently, the agar was poured into agar plate and allowed to 
solidify in the biosafety cabinet. Once the agar medium had solidified, four wells with each 
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approximately 4 mm in diameter were cut out of the agar. A 30 µL of lactic acid (with final 
concentrations 250, 125, 62.5 and 31.25 mM) was placed into the wells and incubated in anaerobic 
condition at 37C for 48 hour. A clear zone surrounding the well indicated inhibition was occurred.  
 
3.2.8. Enzymes and heat treatment. 
 
Determination of the inhibition factor was evaluated using protease treatment, Lactate 
dehydrogenase (LDH) and heat (autoclave). Overnight culture supernatant of probiotic 
lactobacilli in MRS broth was collected via centrifugation at 13000 rpm for 10 minutes. The 
supernatant was filter sterilized and divide into two; 1: for enzyme treatment 2: untreated. The 
sterilized supernatants were preserved in 4C within one week usage. Effect of the treated 
enzymes on A. actinomycetemcomitans Y4 growth was performed via inoculating 100 µL bacteria 
suspension (OD 1 at 600nm) with 100 µL the treated supernatant. The assay was supplemented 
with 25 µL of BHI broth and 25 µL of PBS and incubated in anaerobic condition at 37C for 48 
hours. The growth of the bacteria was measured using microplate reader (Tecan, Wako) at 620nm. 
The growth of periodontal pathogen were compared with controls. The controls were prepared by 
replacing the treated probiotic supernatant with untreated probiotic lactobacilli supernatant or 
PBS medium. 
 
3.2.8.1. Pepsin and proteinase K 
 
A stock solution of Pepsin from porcine stomach mucosa (Nacalai Tesque, INC) was prepared by 
dissolving 10 mg of pepsin powder in 1 mL double distilled water. The supernatant of probiotic 
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lactobacilli was adjusted to acidic condition using 1M HCI to final concentration 0.04M. Pepsin 
treatment of probiotic lactobacilli supernatant was performed by adding the pepsin stock solutions 
into of the probiotic lactobacilli supernatant to final concentration 0.1 mg/ml and homogenized via 
vortexing for 10 seconds. The solution was incubated for 2 hours at 37C. The enzyme reaction 
was deactivated by heating at 95C for 10 minutes. The pH of probiotic supernatant was adjusted 
to pH 6.5 to 7 prior usage. 
 
Proteinase K from Tritirachium album Limber (Nacalai Tesque. INC) stock solution was prepared 
by dissolve the 10mg of proteinase K in 1 mL 50mM Tris-HCI (pH 8). The probiotic lactobacilli 
supernatant was adjust to pH 8 using 1M NaOH. Proteinase K add to final concentration 0.1 mg/ml. 
The solution was incubated for 2 hours at 50C. The enzyme reaction was deactivated by heating 
at 95C for 10 minutes. The pH of probiotic supernatant was adjusted to pH 6.5 to 7 prior usage. 
 
3.2.8.2. L-LDH and heat treatment 
 
Treatment with L-Lactate dehydrogenase (L-LDH) from bovine heart (Sigma Aldrich) was 
performed by directly adding 50U/ml of L-LDH enzyme (Sigma Aldrich) and 50 ug/ml NAD+ co 
enzyme (Oriental Yeast Co. Ltd. Japan) into adjusted pH 7 of probiotic lactobacilli supernatant. 
The solution was mixed by vortexed and incubated at 25C for 2 hours. The enzyme reaction was 
deactivated by heating at 95C for 10 minutes. Whereas, heat treatment probiotic lactobacilli 
supernatant was performed by autoclaving at 120C for 15 minutes. Supernatant will direct used 




3.2.9. Mimic co-culture assay 
 
In order to understand the effect of direct co-culture toward A. actinomycetemcomitans Y4 growth, 
mimic co-culture assay was developed. Mimic co-culture assay is an assay which the conditions 
in the real direct co-culture system. The only different of mimic co-culture with the real direct co-
culture assay is only one species of bacteria cells inoculated in the assay. Thus, this assay function 
to evaluate the each condition in the direct co-culture assay toward the bacterial growth in 
monoculture. The assay conditions were prepared by independently mixed A. 
actinomycetemcomitans Y4 or Lactobacillus cell pellets, with or without its supernatant, MRS or 
BHI broth, with the ratio of 4:4:1, respectively (Fig 5). Cell pellets were collected by 
centrifugation (5000 rpm, 15 min at 4C) of a fresh culture of A. actinomycetemcomitans Y4 and 
Lactobacillus. The cell was washed twice in 1M phosphate buffer solution and the OD was 
adjusted to OD 1 at 600nm. Subsequently, the cell will be mixed in the culture medium or PBS 
(according to assay condition of co-culture). This is aimed to evaluate the influence of the medium, 
or metabolites or active compound from the supernatant towards bacterial growth. The 
supernatant was prepared by filter sterilized using 0.20 µm pore size filter (Sartorius). All samples 
were incubated in anaerobic condition at 37C for 48 hours. Growth was evaluated by turbidity 
measurement using UV/VIS spectrophotometer (JASCO V-530) at 600 nm for every 0, 6, 8, 18, 







3.2.10. Scanning Electron Microscope (SEM) 
 
The morphological changes of the cells from indirect or direct co-culture assay activity was 
evaluated using Scanning Electron Microscope (SEM). Prior to evaluation with SEM, all samples 
were treated with fixation and dehydration procedure. This is important to ensure that the 
morphology of the cells was not affected during the SEM procedure. Fixation and dehydration 
procedure were based on the method by Fisher et al. 2012, and Hazrin-Chong and Manefield 2012 
with some modification (Fischer et al. 2012) (Hazrin-Chong and Manefield 2012). A 1.5 ml of 
the samples from indirect or direct co-culture was collected after 48 hours of incubation. The 
liquid cultures were fixed in 2% glutaraldehyde (final concentration) by adding directly to the 
liquid samples. The samples were fixed for 1 hour at 4C, centrifuged at 2000g for 10 minutes in 
microcentrifuge tube in order to obtain an intact cell pellet. The cell pellets were washed for three 
to four times with cold 0.1 M phosphate buffer prior to post-fixation in 1% osmium tetroxide 
(Sigma-Aldrich) for 1 hour at 4C. Then, the samples were proceeded to dehydration procedure 
by rinsing 2 minutes with 0.1M phosphate buffer and 4 minutes with sterile distilled water. In 
order to avoid osmium contamination, graded dehydration using 60 %, 70 %, 80 %, 90 % and 
99 % of anhydrous ethanol was applied. The fixed specimen adhered to coverslips with 2.5 % 
glutaraldehyde in 0.1 M phosphate buffer for 30 to 60 minutes. Then, the cells were washed three 
times with 0.1 M phosphate buffer and fix again with 1% osmium tetroxide in 0.1M phosphate 
buffer at pH 7.4 for 30 to 60 minutes. The cells were washed with 0.1 M phosphate buffer and 
sterile distilled water before dehydrate in 95% ethanol for 1 minute, followed by 100% 
hexamethyldisilazane (HMDS) for three times for 5 minutes. Later, the sample was dehydrated 
again with HMDS and ethanol (1:1) for 15 minutes, followed by 100% HMDS for two times for 
46 
 
15 minutes at room temperature in the fume hood. The excess fluid was washed away using filter 
paper and samples were allowed for drying for at least 4 hours. Samples were gold sputter coated 
and imaged with scanning electron microscope, S-E3500N Hitachi. 
 
3.2.11. Gram staining of the bacteria cells from direct co-culture assay. 
 
Gram staining is a standard procedure which to differentiate between Gram positive and Gram 
negative bacteria. Periodontal pathogens used for this study, is Gram negative whereas 
lactobacilli is a gram positive bacteria. The Gram staining was performed in order to evaluate the 
presence of each species in the co-culture species. A 1 ml from direct co-culture sample was 
filtered using 0.8 µm pore size (Sartorius). 0.1 mL of the filtered supernatant was proceed to serial 
dilution (up to 106) in 1M sterilized PBS. A 0.1 mL of the diluted sample was spread on BHI agar 
and incubated in anaerobic condition, at 37C for 48 hour. After 48 hour incubation single colony 
was picked for Gram staining procedure.  
 
For Gram staining procedure, the single colony and one drop of sterilized water was smeared on 
a glass slide. The glass slide was warmed to the flamed in order to heat-fixed the smear to the 
surface of the glass slide. Subsequently, the smear was flood with crystal violet staining for 1 
minutes. Then, the stain was washed out using distilled water prior proceed with iodine stain for 
30 sec. Afterward, the iodine stain washed with distilled water and replace with 95% ethanol for 
10 seconds. Then, the smear washed time with distilled water and flood with safranin stain for 30 
seconds. Lastly, the glass slide was washed with distilled water for another time and allow to dry 
prior observation with a light microscope. 
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3.3. Result and Discussion 
 
3.3.1. Screening of inhibitive effect by overlay agar method. 
 
Screening on the inhibitive effect of probiotic lactobacilli against the periodontal pathogen 
showed a positive finding. Among eleven strain of the probiotic lactobacilli used for this study, 
all strain showed inhibitory effect against the periodontal pathogen (Table 3.1). The rate of 
inhibition observed varied between the strains. The highest inhibitory activity was shown by L. 
fermentum NBRC 15885 and L. fermentum JCM 1137 against A. actinomycetemcomitans Y4 (21 
mm). Whereas, L. casei NBRC 15883 showed the highest effect against P. gingivalis 381 (40 
mm). The weakest inhibitory effect was shown by L. delbrueckii subsp. delbrueckii JCM 1012 
against A. actinomycetemcomitans (4 mm) and P. gingivalis 381 (10 mm). Basically, overlay agar 
method may represent the effect of metabolites produced in the agar by the probiotic lactobacilli 
against the periodontal pathogens. This is because, principally, the probiotic lactobacilli was 
allowed to grow for 24 hours prior overlaid with the periodontal pathogen. Hence, during the 24 
hour growth several metabolites and active product such as bacteriocin might be produced by the 
probiotic bacteria. Susceptibility of the periodontal pathogen with the product may inhibit the 
growth of the pathogen at the surrounding area and form an inhibition zone. 
 
Correspond to the finding from the overlay agar method, five strains of probiotic lactobacilli was 





Table 3.3. Inhibition activity of probiotic strains against periodontal pathogen using 




3.3.2. Bactericidal effect by the indirect co-culture. 
 
As shown in figure 3.1(A), after 24 hours of incubation, all metabolic product from Lactobacillus 
sp. showed inhibition effect against A. actinomycetemcomitans, except for L. fermentum NBRC 
15885. However, after 48 hours incubation, regrowth activity was observed for A. 
actinomycetemcomitans with L. casei subsp. rhamnosus IFO 3831. This probably due to 
bacteriostatic effect which only inhibited the bacteria growth. Otherwise, after 48-hour incubation, 
a significant growth reduction of A. actinomycetemcomitans Y4 observed by L. johnsonii NBRC 
13952, L. plantarum NBRC 15891 and Leuconostoc fructosum NBRC 3516.  
Probiotic strains 
Inhibition zone (mm) ± SD 
A. actinomycetemcomitans Y4 P. gingivalis 381 
L. acidophilus JCM 1021 11 ± 1.4 25.3 ± 3.1 
L. casei subsp. casei JCM 1053 14± 1.4 18 ± 2.0 
L. casei subsp. rhamnosus NBRC 3831 9.5 ± 0.7 16 ± 3.6 
L. plantarum NBRC 15891 19. ± 1.4 31.7 ± 2.9 
L. johnsonii NBRC 13952 19 ± 1.4 34 ± 1.7 
L. fermentum JCM 1137 21 ± 1.4 35 ± 1.0 
L. fermentum NBRC 15885 21 ± 1.4 35 ± 0.0 
Leuconosoc fructosum NBRC 3516 5.0 ± 0.0 30 ± 0.0 
L. delbrueckii subsp. delbrueckii JCM 1012 4.0 ± 0.7 10 ± 0.3 
Lactoococcus lactis NBRC 12007 11 ±  0.7 33 ± 5.8 
L. casei NBRC 15883 6.0 ± 0.7 40 ± 0.0 
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Figure 3.2. Inhibition activity via indirect co-culture method of probiotic lactobacilli against 
periodontal pathogen, (A) A. actinomycetemcomitans Y4 and (B) P. gingivalis 381 at 24 and 
48 hour incubation, incorporated with pH values of culture medium at 48 hour incubation. 
The inhibition activity of in the co-culture was compared with control; A.a control (A. 
actinomycetemcomitans Y4) or P.g control (P. gingivalis 381) without probiotic species. L.f15885 










































































L.c3831 represent L. casei subsp. rhamnosus IFO 3831, L.j13952 represent L. johnsonii NBRC 
13952 and L.p15891 represent L. plantarum NBRC 15891. 
 
  
Whereas, for the case of P. gingivalis 381, all probiotic lactobacilli showed inhibition effect after 
24 hours incubation except L. casei NBRC 3831. However, after 48 hours incubation, only two 
strains showed sustain inhibitory effect, L. johnsonii NBRC 13952 and L. plantarum NBRC 15891 
(Figure 3.1(B)). In addition, the growth reduction values compared to the control was ≥ 3 Log 
CFU/ml, indicating bactericidal effect occurred (LaPlante et al. 2006). Bactericidal effect was 
shown by L. plantarum NBRC 15891 and L. johnsonii NBRC 13952 against both species of 
periodontal pathogen. 
  
Indirect co-culture method might represent the inhibitive activity of the probiotic lactobacilli 
against the periodontal pathogen by considering metabolic products or antimicrobial compound 
produced by the probiotic lactobacilli without the influence of cell to cell physical contact. 
Basically, the concept might be same with overlay agar method since the evaluated inhibitive effect 
might come from the extracellular products of the probiotic lactobacilli. However, the same time 
growth in the co-culture approach might provide different finding compared to the overlay agar 
method.  Probiotic lactobacilli cells which were grown at the same time the periodontal pathogens 
(OD 1 at 600 nm) might be affected during co-culture, thus interrupting the inhibitory effects 
produced by that particular strain of probiotic lactobacilli. 
  
In order to relate the inhibition activity of Lactobacillus sp. in indirect co-culture with A. 
actinomycetemcomitans, the pH value of A. actinomycetemcomitans culture medium from indirect 
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co-culture assay was measured. The finding showed that no relative correlation between acidic 
conditions with the reduction of A. actinomycetemcomitans growth. Therefore the inhibition 
activity is possibly due to other antimicrobial factor produced by Lactobacillus in the culture 
medium.  
 
3.3.3.Morphological changes of the affected cells during indirect co-culture assay 
 
The death or injury of a microorganism has may be incorporated with the destabilization of 
structural and functional integrity of different macromolecules especially in the walls and 
membrane of cells (Kalchayanand et al. 2004). Thus, the inhibitive effect from the indirect co-
culture assay was observed using SEM. Our finding shows, there were altered morphology 
observed by the periodontal pathogen cells compared to the control cells. As shown in Figure 3.2 
(A), A. actinomycetemcomitan Y4 control cells show coccoid, pleomorphic and the cells are 
actively dividing to the daughter cell (black arrow). In comparison with the A. 
actinomycetemcomitan Y4 cells that were indirect co-cultured with the probiotic lactobacilli show 
collapse, distortion and an irregular in shape compared to control. This finding suggesting that 
the cells were morphologically affected by the indirect co-culture activity with A. 
actinomycetemcomitans Y4 which might be associated with the interruption of the cell membrane, 





















Figure 3.3 Morphological changes of A. actinomycetemcomitans Y4 after 24 hour incubation 
in indirect co-culture. A represent A. actinomycetemcomitans Y4 control (with probiotic 
lactobacilli), B, C and D represent A. actinomycetemcomitans Y4 cell from indirect co-culture 
with L. fructosum NBRC 3516, L. plantarum NBRC 15891 and L. johnsonii NBRC 13952 
respectively 
 
Furthermore, P. gingivalis 381 cells also showed morphologically altered by the indirect co-
culture with the probiotic lactobacilli (Figure 3.3). Co-culture with L. fructosum NBRC 3516 
showed sustained in their shape, but rough surface of membrane cell with the appearance of 
blebbing cells was also observed (Figure 3.3B). Though L. fructosum NBRC 3516 was evaluated 
as bacteriostatic in action against the P. gingivalis 381 cells by CFU/ml after 24 hour incubation, 






NBRC 3516 only affecting the membrane cells of P. gingivalis without promoting the cells death. 
In addition, the abundance of bleb-like structure might be one of the mechanism to resist 















Figure 3.4 Morphological changes of P. gingivalis 381 after 24 hour incubation in indirect 
co-culture. A represent P.gingivalis 381 control (with probiotic lactobacilli), B, C and D represent 
P.gingivalis 381 cell from indirect co-culture with L. fructosum NBRC 3516, L. plantarum NBRC 
15891 and L. johnsonii NBRC 13952 respectively 
 
In comparison with the control cells, the P. gingivalis 381 cells that were co-cultured with L. 
plantarum NBRC 15891 and L. johnsonii NBRC 13952 shows irregular shape and some cells 





be also associated with the damage in the cell membrane and resulting loss in the viability. This 
is in agreement with the reduction of more than 3 log CFU/ml of the P. gingivalis 381 growth 
compared to control. 
 
3.3.4. Lost inhibitory effect by the direct co-culture  
 
Great inhibitory activity observed by indirect co-culture gained our interest to evaluate the 
sustainability of the activity by direct co-culture method. The different of the direct co-culture and 
indirect co-culture method is the appearance of physical contact or cell-to-cell contact between the 
periodontal pathogen and probiotic lactobacilli in the co-culture assay. During the direct co-culture 
method, quantification of the A. actinomycetemcomitans Y4 cells were evaluated via qRT-PCR 
due to inability to selectively grow the A. actinomycetemcomitans Y4 from the direct co-culture 
assay.  
 
Our finding shows, no inhibitory activity against A. actinomycetemcomitans Y4 were observed. 
Interestingly, in some conditions A. actinomycetemcomitans Y4 growth was observed higher in 
RNA log copy number compared to control (Figure 3.4(A)). This result contradicts with indirect 
co-culture which showed the killing effect of probiotic lactobacilli against A. 
actinomycetemcomitans Y4. Thus, this finding suggests that probiotic lactobacilli have lost their 












Figure 3.5. Inhibition activity via direct co-culture method of probiotic lactobacilli against 
periodontal pathogen, (A) A. actinomycetemcomitans Y4 and (B) P. gingivalis 381 at 24 and 
48 hour incubation, incorporated with pH values of culture medium at 48 hour incubation. 
The inhibition activity of in the co-culture was compared with control; A.a control (A. 
actinomycetemcomitans Y4) or P.g control (P. gingivalis 381) without probiotic species. L.f 15885 
represent L. fermentum NBRC 15885, L.j 13952 represent L. johnsonii NBRC 13952 and L.p 























































































Whereas, for the case of P. gingivalis 381, the inhibitory activity was shown interrupted by the 
direct co-culture method (Figure 3.4 (B)). The inhibitory effect of L. johnsonii NBRC 13952 
against P. gingivalis 381 was shown in bacteriostatic action. After 24 hours incubation, there 
was a reduction of P. gingivalis 381 number, however the number was increased after 48 hours 
incubation. Whereas, L. plantarum NBRC 15891 showed their inhibitory activity only after 48 
hour reduction. No inhibitory activity observed after 24 hour incubation. 
 
Changes of the inhibitory activity by the direct co-culture compared to indirect co-culture suggests 
that the probiotic lactobacilli were not effectively inhibit the periodontal pathogen during direct 
co-culture.  Since cell to cell surface contact is the only difference of these co-culture assay, our 
hypothesis is that the direct surface contact might influence the inhibition activity and provides 
another mechanism in A. actinomycetemcomitans Y4 and P. gingivalis 381 cells in order to keep 
survive during the co-culture. 
 
In addition, indirect co-culture system might be same as monoculture since the bacteria cells being 
separated by the membrane. Whereas, direct co-culture might represent the real interaction since 
both species of bacteria able to have physical contact via adhesion or co-aggregation with each 
other meanwhile being influenced by the metabolites produced within the direct co-culture assay. 
This condition may provide another environment which different from the indirect co-culture 
system. Hence, results in an evolutionary dynamic that might not match those predicted using 





3.3.5. Comparison of cell morphology  
 
The different finding showed by the direct and indirect co-culture assays motivates us to compare 
the effect of both assay towards morphology of the bacteria cells via SEM analysis. Samples from 
direct and indirect co-culture assay were collected and pre-treated with fixation and dehydration 
procedure prior to SEM evaluation. The A. actinomycetemcomitans Y4 cells that were directly co-
cultured with L. plantarum NBRC 15891 (figure 3.5B) and L. johnsonii NBRC 13952 (figure 
3.5C) show a regular coccoid shape, but smaller in the cell size as compared to the control cells. 
In addition, both species observed attached to each other indicates cell to cell surface contact 
occurred. This finding suggests that, in the direct co-culture assay, the A. actinomycetemcomitans 
Y4 cells might also be affected but still able to survive maintaining their shape.  
 
In contrast, the A. actinomycetemcomitans Y4 cells that had treated via indirect coculture with L. 
plantarum 15891 appeared collapsed and distorted in shape (Fig 6D). Whereas for the A. 
actinomycetemcomitans Y4 cells with L. johnsonii 13952, irregular and inhomogeneous in shape 
observed as compared to normal cells (Fig 6E). These conditions probably combined with the 
damage in the cell wall and cell membrane, cell lysis and resulting loss in viability (Kalchayanand 
et al. 2004). This is synchronized with the reduction in cfu/ml which is more than 3 log CFU/mL. 
This growth reduction may indicate the killing effect of the cells was more than 99.9% when it 



























Figure 3.6. Morphological changes of A. actinomycetemcomitans Y4 cells and after direct and 
indirect co-culture with probiotic lactobacilli. A; represents A. actinomycetemcomitans Y4 
control. B and C; represent bacteria cells of the direct co-culture of A. actinomycetemcomitans Y4 






actinomycetemcomitans Y4 cells after the indirect co-culture with L. plantarum 15891 and L. 
johnsonii 13952 respectively. 
 
3.3.6. Killing factor analysis 
 
3.3.6.1. Influence of lactic acid towards inhibition activity 
 
Since lactic acid is one of the main product produced by the probiotic lactobacilli, evaluation on 
the influence of the lactic acid is crucial in the determination of the killing factor. The 
concentration of the lactic acid produced in the direct and indirect co-culture assay was analyzed 
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Figure 3.7. Lactic acid concentration from co-culture assay at 24 and 48 hour incubation. A 
& B represent the lactic acid concentration from the indirect co-culture assay of probiotic 
lactobacilli with A. actinomycetemcomitans Y4 and P. gingivalis 381 respectively. C & D 
represent the lactic acid concentration from the direct co-culture of probiotic lactobacilli with A. 
actinomycetemcomitans Y4 and P. gingivalis 381 respectively. Bars represent mean and error bars 
represent standard deviations. 
 
 
The concentration of lactic acid from the indirect co-culture shown in the range of 20 to 80mM 
and 1.5 to 95 mM for A. actinomycetemcomitans Y4 and P. gingivalis 381 respectively. These 
values are lower as compared with those from the direct co-culture assay which are approximately 
5 to 120 mM and 1.6 to 111 mM for A. actinomycetemcomitans Y4 and P. gingivalis 381 
respectively. Based on the lactic acid concentration of the co-culture assay, the susceptibility of 
the periodontal pathogen was investigated by using well diffusion assay. Our finding shows, A. 
actinomycetemcomitans Y4 and P. gingivalis 381 are resistant to lactic acid up to 125 mM. 






























































3.2). This finding might suggest that lactic acid is not the influential factor that contribute to the 
killing or inhibition activity that observed in the co-culture assay. 
 
Table 3.2 Susceptibility of the periodontal pathogens against L-lactic acid. 
  Inhibition zone (mm) against L-lactic acid (mM) 
Bacteria 250 125 62.5 31.15 
A. actinomycetemcomitans Y4 5 - - - 
P. gingivalis 381 5 - - - 
(-) indicating no inhibition zone observed 
 
3.3.6.2. Influence of enzymes and heat treatment towards inhibition activity 
 
Since probiotic lactobacilli are from lactic acid bacteria, our hypothesis is natural metabolites such 
as bacteriocin might be produced by these bacteria.  Thus, investigation on the factors that 
contributed to the inhibition activity by the probiotic lactobacilli was evaluated using pepsin, 






Figure 3.8. Enzymes and heat treatment of the probiotic lactobacilli supernatant in comparison with 
the untreated supernatant toward A.  actinomycetemcomitans Y4 growth at 48 hours of incubation. 
(A, B & C) represent enzyme treatment by pepsin, proteinase K, lactate dehydrogenase (L-LDH) 
respectively. Whereas (D) represent the effect of heat treatment of the probiotic lactobacillus supernatant 
towards A. actinomycetemcomitans Y4 growth. 
 
Our finding shows that the inhibition activity was affected by the pepsin and proteinase K 
treatment (Figure 3.7A & B). This might indicates that proteinaceous compound such as 
bacteriocin or antimicrobial peptide might be factors that contributed to the inhibition activity. 
Probiotic lactobacilli species such as L. plantarum and L. johnsonii have been reported to produce 
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plantaricin and lactacin type bacteriocin by previous studies (Abee et al. 1994; Das and Goyal 
2014). Lactacin has been reported as bactericidal against L. delbrueckii, L. helveticus and 
Enterococcus faecalis by immediate loss of cellular K+ and depolarization of the cytoplasmic 
membrane (Abee et al. 1994). Whereas plantaricin has been reported able to inhibit several 
species Gram positive and Gram negative of foodborne pathogens (Abo-Amer 2007). However, 
their activity can be digested by pepsin and proteinase K (Biswas et al. 2014). 
 
In contrast, LDH treatment only shows a little different in the A. actinomycetemcomitans Y4 
growth as compared with the untreated (Figure 3.7C). This finding is synchronized with the high 
susceptibility to lactic acid activity showed by this species as previously discussed. Hence, 
suggests that lactic acid is not the key factors to inhibition. On the other hand, heat treatment of 
the probiotic lactobacilli shows affected in the A. actinomycetemcomitans Y4 growth compared 
to the untreated (Figure 3.7D). This might suggest, if the factors of inhibition is a proteinaceous 
compound which is affected by the heat treatment up to 120C. For instance, bacteriocin that 
might produce by probiotic lactobacilli might completely lose their activity after being autoclaved 
(Saad M.A et al. 2015) 
 
3.3.6.3. Mimic co-culture 
 
In the direct co-culture with the probiotic lactobacilli, no inhibitory activity found (as previously 
discussed in 3.2.4) A. actinomycetemcomitans Y4. Hence, mimic co-culture was developed as an 
initiative to understand the influence of each condition in the direct co-culture assay toward A. 
actinomycetemcomitans Y4 and probiotic lactobacilli growth. In addition, in the mimic co-culture 
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assay, the probiotic lactobacilli cells were replaced with their supernatant. As shown in figure 3.8, 
A. actinomycetemcomitans Y4 growth was affected in the presence of probiotic lactobacilli 
supernatant. Though being supplemented with BHI broth to support the growth, A. 
actinomycetemcomitans Y4 observed inhibited. In contrast, in the assay condition which without 
the probiotic lactobacilli supernatant (control), increasing the growth was observed. This finding 
indicating disagreement of the A. actinomycetemcomitans Y4 in the real direct co-culture assay. 
Thus, suggesting direct bacteria cell-to-cell surface contact might influence the survival of A. 
actinomycetemcomitans Y4 in the direct co-culture system. This is possible since, co-culture of 
both probiotic and the pathogen might provide different finding since co-occur of two species 
might resulting evolutionary dynamic that might not match those predicted using single species 



















Figure 3.9. Growth of A. actinomycetemcomitans Y4 in mimic co-culture with probiotic 
Lactobacillus (A); A. actinomycetemcomitans Y4 growths in mimic co-culture with L. plantarum 
15891 (B); A. actinomycetemcomitans Y4 growths in mimic co-culture with L. johnsonii 13952. 
A.a: Aggregatibacter actinomycetemcomitans Y4. 15891 sup. ; Lactobacillus plantarum NBRC 
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In the understanding of the direct co-culture towards survival of A. actinomycetemcomitans Y4, 
the effect of direct co-culture conditions towards probiotic lactobacilli growth also evaluated using 
mimic co-culture assay. Our finding shows the growth of L. plantarum NBRC 15891 observed 
affected with and without the presence of A. actinomycetemcomitans Y4 supernatant and 
supplemented with BHI medium or PBS (Figure 3.9A). Interestingly, in the presence of A. 
actinomycetemcomitans Y4 supernatant and MRS broth, L. plantarum NBRC 15891 growth was 
increasing on the first 6 hours of incubation time. After 6 hours, the growth was slowly reduced, 
but still highest as compared with other conditions.  Whereas, L. johnsonii NBRC 13952 growth 
was also shown affected with and without the presence of A. actinomycetemcomitans Y4 
supernatant and supplemented with BHI medium or PBS (Figure 3.9B). However, with the 
presence of MRS broth and A. actinomycetemcomitans Y4 supernatant, the growth of , L. johnsonii 
NBRC 13952 observed slowly increased after 48 hours incubation. 
 
This finding suggests that the probiotic lactobacilli growth possibly not affected by A. 
actinomycetemcomitans Y4 supernatant. The ability of probiotic lactobacilli to grow only with the 
presence of MRS broth might be due to the fastidious characteristic and requirement of complex 
growth factors by the probiotic lactobacilli (Endo et al. 2011). In addition, L. plantarum NBRC 
15891 and L. johnsonii NBRC 13952 showed slow or no growth without the presence of A. 
actinomycetemcomitans Y4 supernatant, but supplemented with BHI medium. Basically, both 
probiotic lactobacilli are able to grow in the BHI broth, but diluted and low in volume of BHI broth 
























Figure 3.10. Growth of probiotic lactobacilli in mimic co-culture with A. 
actinomycetemcomitans Y4 (A); L. plantarum 15891 growths in mimic co-culture with A. 
actinomycetemcomitans Y4 (B); L. johnsonii 13952growths in mimic co-culture with A. 
actinomycetemcomitans Y4. A.a sup: Aggregatibacter actinomycetemcomitans Y4 supernatant. 
15891 sup. ; Lactobacillus plantarum NBRC 15891 supernatant. 13952 sup.; Lactobacillus 






















13952  + A.a sup. +
PBS
13952 + A.a sup. +
BHI
13952 + BHI +
PBS
13952 + A.a sup.
+13952 sup.
13952  + A.a sup. +























15891  + A.a sup.
+ PBS
15891  + A.a sup.
+ BHI
15891  + BHI +
PBS
15891 + A.a sup. +
15891 sup.
15891  + A.a sup.






Altogether, there is possibility direct co-culture condition is not a supportive condition for the 
probiotic lactobacilli growth. In addition, the supplemental medium that was in the ratio of 1:4 to 
the volume of the bacterial suspension might promote competition for nutrient by the probiotic 
lactobacilli. Homogenized conditioned and cell to cell surface interaction as compared with the 
indirect co-culture assay might provide a different environmental conditions in the direct co-
culture, which contribute to different inhibitive effect. 
 
3.3.6.4. Microscopic evaluation of bacteria cells in the direct co-culture. 
 
With the aim to evaluate the effect of direct co-culture assay on A. actinomycetemcomitans Y4 
growth based on CFU/mL growth, the bacteria sample from the direct co-culture assay was 
collected and filtered with 0.8 µm pore-size filter prior to serial dilutions and spread on BHI agar 
plate. Our finding showed, there was an identical colonies grew on the agar plate after 48 hours of 






Figure 3.11. Identical colony appearance after 48 hour incubation of filtered direct co-
culture sample. Direct co-culture sample of A. actinomycetemcomitans Y4 and L. plantarum 
NBRC 15891 was collected and spread in BHI agar plate, and incubate in anaerobic condition for 




The single colony was collected and proceed to Gram Staining and light microscopy evaluation. 












Figure 3.12 Microscopic evaluation of the Gram stained bacteria cells. (A) Represents A. 
actinomycetemcomitans Y4 cells in monoculture. (B) Represents L. plantarum NBRC 15891 
cells in monoculture. (C & D) Represent the bacteria cells of direct co-culture sample A. 
actinomycetemcomitans Y4 with L. johnsonii NBRC 13952 and L. plantarum NBRC 15891 
respectively. 
 
Basically, the A. actinomycetemcomitans Y4 which is a Gram negative bacteria should be presents 






are Gram positive bacteria should be present in rod or bacillus shape and crystal violet stained 
(figure 3.11B). The observation of the single colony of the direct co-culture sample shows the 
presence of both bacillus/rod and coccoid shape of bacteria with safranin and crystal violet stained 
of bacteria cells (Figure 3.11C & D). This observation indicates the presence of both A. 
actinomycetemcomitans Y4 and probiotic lactobacilli in a single colony. Interestingly, some the 
probiotic lactobacilli cells observed in safranin stained as compared with the control cells. Uptake 
of the safranin dye by the probiotic lactobacilli might suggest damaged of cell wall of the 
lactobacilli cells. In addition, the size of probiotic lactobacilli observed shortened or smaller as 
compared to the control cells. There is possibility that the probiotic lactobacilli was injured by the 
direct co-culture activity with A. actinomycetemcomitans Y4. Subsequently, contribute to the loss 




The probiotic lactobacilli showed a potent inhibitive activity against the periodontal pathogens via 
indirect co-culture assay. However, the activity might interrupted by an unknown mechanism 
when both species being co-cultured together. There is a possibility that the periodontal pathogens 
evolve to adapt and survive during the direct cell-to-cell interaction with the probiotic lactobacilli.  
In addition, observation of injured cells in probiotic lactobacilli may disturb the production of 









MATURE BIOFILM DEGRADATION BY POTENTIAL PROBIOTICS: Aggregatibacter 




Aggregatibacter actinomycetemcomitans is a gram-negative, non-motile, pathogenic oral 
bacterium that contributes to periodontal disease (Kaplan et al. 2003). It is localized in the dental 
plaque, gingival crevices, and the buccal mucosa of up to 36% of the normal population (Brown 
and Whiteley 2007; Zambon 1985). A. actinomycetemcomitans is one of the causative agents of 
periodontal disease such as juvenile localized periodontitis and the early onset of periodontitis 
(Kaplan et al. 2003) and might sometimes be accompanied by alveolar bone loss associated with 
bone defects and probing attachment loss (Aberg et al. 2015). In fact, the pathogen can express 
several virulence factors to survive in the oral cavity; these include leukotoxin, cytolethal 
distending toxin (Cdt) (Matangkasombut et al. 2010; Shenker et al. 2003), lipopolysaccharide 
(LPS), bone resorption-inducing toxins (Slots and Genco 1984), and epitheliotoxin, which are 
known to be involved in the interaction between host cells (Wang et al. 2001).  
 
Furthermore, A. actinomycetemcomitans and other members of the HACEK group of bacteria 
(Haemophilus influenzae, H. parainfluenzae, Aggregatibacter aphrophilus, Cardiobacterium 
hominis, Eikenella corrodens, and Kingella kingae) are primarily associated with infective 
endocarditis (Norskov-Lauritsen and Kilian 2006; Wang et al. 2010). It was proposed in a review 
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article that periodontitis influences the host`s susceptibility to cardiovascular disease and preterm 
labor in three ways: 1) by shared risk factors, 2) via the periodontium acting as a reservoir for 
inflammatory mediators, and 3) by the subgingival biofilm acting as a reservoir for gram-negative 
bacteria (10). 
 
 A. actinomycetemcomitans biofilm has been reported to form tenacious attachments on surfaces 
due to an existence of fimbriae (Kaplan et al. 2003), which are mediated by the tight-adherence 
(tad) gene loci flp, rcpA, and rcpB (Saito et al. 2010). However, the true mechanism of this biofilm 
formation is not yet fully understood. For instance, a colony variant with very few fimbriae is still 
able to form a robust biofilm and adhere to surfaces (Inouye et al. 1990). It has become increasingly 
clear that bacterial activities in the oral cavity might ease the propagation of this pathogenic 
organism to other body parts, particularly in immunocompromised patients, such as those with 
diabetes, rheumatoid arthritis, or those receiving immunosuppressive treatment (Li et al. 2000). 
Antibiotics or nonsurgical therapies such as scaling and root planning are used to manage 
periodontal disease (Takahashi et al. 2007). Unfortunately, systemic antibiotic usage definitely 
suppresses the periodontal microflora and has a limited effect against the targeted bacteria.  
 
Furthermore, A. actinomycetemcomitans biofilm exhibits a higher resistance against antibiotic 
applications than planktonic cells (Fine et al. 2001). Established biofilms can even be tolerant to 
antimicrobial agents at concentrations 10–1000-times higher than those needed to completely kill 
planktonic bacteria (Lewis 2001); they are almost impossible to be phagocytized by immune cells 
due to the restricted penetration of immunity factors by extracellular polysaccharides (Lewis 2000), 
and they are sometimes not recognized by the hosts cells (Hansch 2012). Phagocytes that attempt 
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an assault on the biofilm might cause more harm to the surrounding tissues than to the biofilm 
itself (Jefferson 2004). By targeting biofilm degradation, an optimum effect may be achieved by 
the use of antimicrobials and the cell defense of the host.  
 
A bacteriotherapy approach using probiotic cells to counteract this activity has been extensively 
studied (Caglar et al. 2005; Free et al. 2001; Saha et al. 2012; Sashihara et al.). A probiotic, as 
defined by the World Health Organization (WHO, 2001), is a “live microorganism which, when 
administered in adequate amounts, confers a health benefit on the host” (Health and Bacteria 2001). 
We chose probiotic bacteria for this study due to their wide spectrum of different effects including 
direct antagonism against a pathogen, improving gut health and enhancing the immunity response 
in humans (Caglar et al. 2005). Another salient property of probiotics is their ability to aggregate 
with another organism. For example, a pathogen, which might provide great advantages over non-
aggregating microorganisms, can be easily removed from the intestinal environment (Collado et 
al. 2007a). These properties of probiotic bacteria make them a smart choice to promote the natural 
killing of a pathogen via bacterial interactions without affecting the normal flora at the site of 
infection.  
 
Furthermore, several research groups have reported a positive role of probiotics in enhancing the 
immune response by inducing cytokine production, such as interleukin-6 and interleukin-12 (Chise 
et al. 2013), as well as TNF-alpha secretion (Matsuguchi et al. 2003a). Recently, a research group 
reported that lipoteichoic acid from L. plantarum suppressed the production of proinflammatory 
cytokines and nitric oxide in LPS-stimulated cells that had infiltrated the atherosclerotic plaque in 
mice (Kim et al. 2013). Conversely, A. actinomycetemcomitans produced immunosuppressive 
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factors that were capable of impairing the human lymphocyte function by distracting cell cycle 
progression (Bruce J. Shenker et al. 1999). Thus, probiotics have several advantages that make 
them the promising candidates against A. actinomycetemcomitans. The aims of this study were to 
evaluate the potential of probiotic bacteria as a degrading agent against periodontal pathogenic A. 
actinomycetemcomitans and to elucidate the mechanisms underlying the observations made.  
 
4.2. Materials and Method 
 
4.2.1. Strains and culture condition 
 
A. actinomycetemcomitans strains (smooth colony type) and probiotic strains are given in Table 
4.1. A. actinomycetemcomitans strains and Actinomycetes naeslundii JCM 8349 were grown in a 
BHI broth (Wako) containing brain heart (8 g/L), peptic digested animal tissue (5 g/L), pancreatic 
digested casein (16 g/L), sodium chloride (5 g/L), 0.2% glucose (w/v), and disodium phosphate 
(2.5 g/L) with 1% yeast extract. The cultures were shaken at 120 rpm and incubated at 37C and 
5% CO2 for 48 h.  Whereas for probiotic strains, all were grown in De Man, Rogosa, and Sharpe 
(MRS) broth supplemented with l mL/L Tween 80 (Fluka, Sigma-Aldrich) under anaerobic 
conditions by using anaerobic container and gas generators for anaerobic culture (Mitsubishi Gas 












A. actinomycetemcomitans strains  
 Y4 (serotype b) Kyushu Dental University, Japan 
 SUNY 75 (serotype a) Kyushu Dental University, Japan 
 OMZ 534 (serotype e) Kyushu Dental University, Japan 
 Actinomycetes naeslundii JCM 8349 Japan Collection of Microorganism 




 L. acidophilus JCM 1021 Japan Collection of Microorganism 
 L. casei subsp. rhamnosus NBRC 3831 National Biological Research Center, 
Japan 
 L. delbrueckii subsp. casei JCM 1012 Japan Collection of Microorganism 
 L. fermentum JCM 1137 Japan Collection of Microorganism 
 L. fermentum NBRC 15885 National Biological Research Center, 
Japan 
 Lactococcus lactis NBRC 12007 National Biological Research Center, 
Japan 
 L. casei NBRC 15883 National Biological Research Center, 
Japan 
 Leuconostoc fructosum NBRC 3516 National Biological Research Center, 
Japan 
 Leuconostoc mesenteroides IAM 1046 Institute of Molecular and Cellular 
Bioscience (IAM), Japan 
 L. plantarum NBRC 15891 National Biological Research Center, 
Japan 
 L. johnsonii NBRC 13952 National Biological Research Center, 
Japan 
 L. sake NBRC 3541 National Biological Research Center, 
Japan 
 L. paracasei subsp. paracasei NBRC 
3533 











4.2.2. Biofilm degradation 
 
The biofilm assay was performed following the technique of Pratt and Kolter (Pratt and Kolter 
1998), with some modifications. A. actinomycetemcomitans strains were grown overnight in BHI 
broth supplemented with 1% yeast extract and incubated at 37C and 5% CO2. In order to develop 
the biofilm, the overnight cultures of A. actinomycetemcomitans strains were diluted to an OD of 
0.05 at 600 nm in fresh BHI medium supplemented with 1% yeast extract. This was to prepare the 
planktonic stage prior to developing a mature biofilm. A 200-µL aliquot of the suspension was 
assayed into each well of a 96-well flat bottom plate (Costar, Corning NY). All plates were 
incubated under static anaerobic conditions at 37C for 72 h and formation of the biofilm was 
evaluated periodically by visual inspection. After a 72 h incubation period, a mature and tenacious 
biofilm had formed on the surface of the 96-well plate. In order to determine the effect of probiotic 
strains against the matured A. actinomycetemcomitans biofilm, the biofilm culture medium was 
removed using an aspirator and 200 µL of cell cultures of probiotic strains in fresh MRS broth 
(adjusted to OD 0.05 at 600 nm) were added directly onto the A. actinomycetemcomitans biofilm. 
As a negative control, A. naeslundii JCM 8349 cell cultures in fresh BHI broth (adjusted to OD 
0.05 at 600 nm) were added directly onto the A. actinomycetemcomitans biofilm. All samples were 
incubated for another 24 h under static anaerobic conditions at 37C prior to measuring the biofilm 
degradation. The percentage of biofilm degradation was calculated using following formula: 
Percentage of degradation = [C − T] x 100 
      C 
Where C is the average absorbance per well for untreated biofilm and T is the average absorbance 
per well with the addition of probiotic cells or a cell-free supernatant.  
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4.2.3. Crystal violet staining and biofilm quantification 
 
Biofilm degradation was determined by 0.1% crystal violet staining, as previously described (Pratt 
and Kolter 1998). The microtiter plate with biofilm was gently washed by submerging the plate in 
a small container of distilled water three times. The plates were then dried by patting them on a 
piece of paper towel. This cleaning procedure removed any loosely attached cells or media that 
otherwise might be stained in the next step. In order to  determine the biofilm mass, 200 µL of 
0.1% crystal violet (w/v) were added into each well and dissolved for 30 min (Sol et al. 2013). The 
plate was then gently rinsed using distilled water and allowed to air-dry in an incubator at 37C 
for 15 min. The remaining biofilm with or without the addition of probiotic cells was visualized 
by photograph. Afterwards, the stained biofilm was dissolved over 30 min by a 200 µL addition 
of 95% ethanol into each well. The plates were read using an ELISA microplate reader (Tecan, 
Waco) at an absorbance of 492 nm.  
 
4.2.4. Biofilm degradation by co-aggregation assay 
 
Based on our laboratory experiments, Lactobacillus spp. cells used in this study have poor biofilm 
formation on the microtiter plate (S1 Fig). Due to this, we suspect if the lactobacilli have poor 
adhesion or auto-aggregation ability between cells which might influence the degradation of 
biofilm. Thus, a biofilm degradation assay using a co-aggregation buffer was developed to assist 
the co-aggregation ability of the viable or dead lactobacilli cell pellets only with the pre-formed A. 
actinomycetemcomitans biofilm. Instead of degradation, co-aggregation between cells might 
promote the propagation of biofilm formation. Thus, this assay might reconfirm if biofilm 
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degradation ability will be effected by co-aggregation activity. Briefly, probiotic strains were 
cultured overnight in MRS broth up to the mid-exponential growth phase (OD 1.4 at 600 nm). The 
cell pellets were extracted by centrifugation at 10 000 g for 15 min, washed twice, and suspended 
in a sterile co-aggregation buffer containing 0.05 M-Tris/HCl and 0.005 M-CaCI2 at a final pH of 
7.0. The buffer was then used to stabilize the co-aggregation activity (Collado et al. 2007b; 
Handley et al. 1987) between cells by indirectly promoting a stronger cell attachment during 
biofilm activity. Dead probiotic cells were prepared by autoclaving the washed cells at 121C for 
20 min. Cells viability were reconfirmed by a spread plate on MRS agar. A 200 µL of viable or 
dead cell pellets in the co-aggregation buffer were then added into each well containing A. 
actinomycetemcomitans Y4 biofilm, except the control, and co-incubated for another 24 h under 
static anaerobic conditions at 37C. Biofilm degradations were determined by 0.1% crystal violet 
staining. 
 
4.2.5. Cells viability of degraded biofilm 
 
Ideally, a degraded biofilm will cause a release of cells into the supernatant. To determine cell 
viability from the degraded biofilm, a 100 µL sample was collected by gently aspirating the 
supernatant without contacting the biofilm which had formed at the bottom of the well. The sample 
was serially diluted in sterile PBS and filtered using a 0.8 µm non-pyrogenic sterilized filter 
(Sartorius Stedim Biotech, Goettingen, Germany) to separate the A. actinomycetemcomitans Y4 
cells from probiotic cells, and spread on BHI agar supplemented with 1% yeast extract. All plates 




4.2.6. pH adjustment of culture supernatant 
 
Probiotic strains were grown in MRS broth for 24 h at 37C in an anaerobic jar to the mid-log 
growth phase (OD 1.4 at 600 nm). The cell-free culture supernatant was collected via 
centrifugation at 10 000 g for 15 min at 4C, followed by filter sterilization using a 0.2 µm cellulose 
acetate filter (Sartorius Stedim, Germany). The supernatants were adjusted to pH 6.5 using 1M 
HCI and concentrated 10-fold by a centrifugal evaporator (VC-L5SP TAITEC). In order to 
evaluate the influence of a low pH of the culture supernatant of probiotic strains on biofilm 
degradation, the pH was adjusted to 6.5 and this cell-free supernatants were added to wells 
containing biofilm. Supernatants without a pH adjustment were used as  a control. All samples 
were incubated under static anaerobic conditions at 37C for 24 h. Activities associated with the 
adjusted pH and control were compared. pH was measured by a LAQUAtwin compact pH meter 
(Horiba Ltd, Kyoto, Japan). 
 
4.2.7. Effect of lactic acid on biofilm degradation 
 
The concentration of lactic acid was quantified because it was one of the main compounds 
produced by probiotic strains in this study. After 24 h incubation following the addition of 
probiotic cells, the spent supernatant was collected and analyzed for its lactic acid concentration 
by high performance liquid chromatography (HPLC, Shimadzu LC-10AD) (Mohd Yusoff et al. 
2012)). The range of lactic acid concentrations produced was used as a reference to determine the 
effect of exogenously added lactic acid on biofilm degradation. The biofilm assay was performed 
as previously described. On incubation day three, 200 µL of lactic acid at final concentrations of 
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100, 150, 200 and 250 mM in BHI broth were added to wells containing A. actinomycetemcomitans 
Y4 biofilm, except the control well. The plate was incubated at 37C under anaerobic conditions 
for 24 h prior to biofilm measurements.  
 
4.2.8. Effect of enzymes in biofilm degradation 
 
To investigate the factors that contribute to biofilm degradation, we performed an enzyme 
treatment on the formed biofilm. Enzymatic solutions with a final concentration of 5 µg/mL of 
proteinase K (Nacalai Tesque), α-amylase (Wako Pure Chemical Industries Co. Ltd.), or lipase 
(Nacalai Tesque) in Tris-HCI buffer pH 7.0 were prepared. Each enzymatic solution was then 
added to wells containing biofilm, as a single or combination enzyme mixture and incubated under 
static anaerobic conditions at 37C for 24 h. Biofilm measurements were performed as previously 
described. Biofilm without this treatment was used as a control.  
 
4.2.9. Effect of lipase inhibitor on biofilm degradation 
 
The potent degradation effect by the lipase enzymes was reconfirmed by using a lipase inhibitor 
(Tetrahydrolipstatin,Nacalai Tesque). Briefly, a stock solution of lipase inhibitor was prepared in 
50% DMSO. Subsequently, the solution was diluted to 250 µg/mL using sterilized distilled water 
and then mixed with each probiotic cell-free supernatant, with the final concentration of 5 µg/mL. 
Subsequently, each supernatant with or without the lipase inhibitor was added into wells having 
the biofilm of A. actinomycetemcomitans strains, and incubated anaerobically under a static 
condition at 37C for 24 h. As a negative control, A. naeslundii JCM 8349 cell-free supernatant 
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was used and tested with or without the lipase inhibitor. Biofilm measurements were performed as 
previously described 
 
4.2.10. Lipase assay 
 
To determine the lipase activity profile of probiotic cells and A. naeslundii JCM 8349 an overnight 
culture supernatants of those bacteria were collected by centrifugation at 10 000 g for 10 min at 
4C, filter sterilized using a 0.2 µm cellulose acetate filter and applied to a lipase assay using a 
Lipase kit S (DS Pharma Biomedical), following the manufacturer’s instructions. A lipase enzyme 
level of 0.01 mg/mL was used as a positive control, and sterilized distilled water was used as 
negative control. 
 
4.2.11. Statistical analysis 
 
Data from at least three independent experiments represented as mean ± SD (standard deviation). 
Comparisons were performed by the means of Student t-test using GraphPad Software and P ˂ 
0.05 was considered as significant. 
 
4.3. Result and Discussion 
 
A biofilm is a group of bacteria which stick together, adhere to surfaces, are phenotypically 
resistant, and very difficult to eradicate from a living host. Various diseases are initiated by or are 
associated with biofilm formation such as cystic fibrosis, otitis media, and chronic prostatitis (M.D 
82 
 
2002). Diseases specific to A. actinomycetemcomitans are infective endocarditis and periodontitis 
(Li et al. 2000; Paturel et al. 2004; Wang et al. 2010).  
 
Antibiotic applications to counteract these infections are not promising because their high bacterial 
load facilitates antibiotic resistance. During scaling, root planning, or periodontal surgery, the 
administration of antibiotics is to ensure that A. actinomycetemcomitans is eliminated from 
periodontal lesions. Unfortunately, at the biofilm stage, almost all species are protected by their 
EPS thus, reducing the effectiveness of antibiotics. For example, ampicillin and cephalexin have 
been shown to inhibit A. actinomycetemcomitans Y4 biofilm formation during the first 24 h of 
incubation, but an inverse effect was observed for matured biofilm at 48 h incubation with a 
significant increase in adenosine triphosphate levels (Takahashi et al. 2007). This phenomenon 
indirectly demonstrates the continuous challenges faced when treating an infection.  
 
Various studies have discussed the issue of how to tackle biofilm formation by pathogens. Several 
of them highlighted the promising effect of probiotic strains including L. rhamnosus, L. salivarius, 
L. reuteri, and W. cibaria as potential candidates for the treatment of oral diseases by suppressing 
the growth of periodontal pathogens (Kang et al. 2006; Krasse et al. 2006; Nikawa et al. 2004; 
Samot and Badet 2013). Probiotic bacteria are a good alternative due to several advantages that 
these organisms have that are believed to counteract pathogenesis by periodontal pathogens. 
Furthermore, their ability to induce an immunomodulatory response by an increase in cytokine 
production (Habil et al. 2011), an antiviral response against vescular stomatitis via interaction with 
macrophages (Ivec et al. 2007), and induction of nitric oxide synthesis (Korhonen et al. 2001) 
might provide a powerful effect against pathogens which virulence toward immune cells, as 
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previously reported for A. actinomycetemcomitans (Baker et al. 1995; Boesze-Battaglia et al. 2015; 
Shenker et al. 2003; Shenker et al. 1999) 
 
4.3.1. Biofilm degradation by probiotic bacteria 
 
We investigated the potential of probiotic bacteria to degrade the formed biofilm of a periodontal 
pathogen A. actinomycetemcomitans in vitro. Application of nutrient rich medium as medium 
growth for biofilm assay facilitates the optimum growth of the probiotic cells and produces active 
enzymes that may be contribute to the biofilm degradation. Interestingly, after 24 h incubation, a 
significant biofilm degrading activity was observed for all the probiotic strains against the Y4 
strain, with a different ratio of degradation (Fig. 4.1A). Six of the seven probiotic strains showed 
a significant biofilm degradation against SUNY 75 (Fig. 4.1B). In addition, for OMZ 534, four of 
the seven probiotic strains showed a high significant ability of biofilm degradation (Fig 4.1C).  The 
probiotic strains did not have a big effect against the biofilm of SUNY 75 strain compared to Y4 
and OMZ 534 strains in which more than 90% of the biofilm was degraded by several probiotic 
strains.  The range of biofilm degradation for SUNY 75 was approximately 18 to 42 % (Table 4.2).  
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Figure 4.1. Biofilm values of A. actinomycetemcomitans strains with addition of probiotic 
bacteria on pre-formed biofilm. (A) represents Y4 strain (serotype b). Whereas (B and C) 
represents SUNY75 strain (serotype a) and OMZ534 strain (serotype e) respectively. Probiotic 
species and controls were labelled with number as follows; 1: L. fermentum JCM 1137, 2: L. 
acidophilus JCM 1021, 3: L. fermentum NBRC 15885,  4: L. fructosum NBRC 3516,  5: L. 
plantarum NBRC 15891,  6: L. casei subsp. rhamnosus NBRC 3831, 7: L. johnsonii NBRC 13952. 
Positive controls (8) are A. actinomycetemcomitans biofilm without probiotic addition, and A. 
naeslundii JCM 8349 was used as a negative control (9). Bars represent the mean, error bars 






Using 13 species of probiotic bacteria, one valuable finding in this study was their high degradation 
activity against an A. actinomycetemcomitans biofilm. Eight of the 13 strains and four of the seven 
strains had a more than 90% biofilm degradation efficiency against the strains, Y4 and OMZ 534, 
respectively. A. naeslundii JCM 8349 which was used as a negative control strain is implicating in 
various tooth cavities (Dige et al. 2009; Morou-Bermudez and Burne 1999) and the results indicate 
that potential probiotic bacteria have surely a great ability of biofilm degradation.   
 
Table 4.2. Degradation percentage after the addition of probiotic cells on pre-formed A. 
actinomycetemcomitans strains 
 
Y4 (serotype b), SUNY 75 (serotype a) and OMZ 534 (serotype e) strains of A. 
actinomycetemcomitans were used for this study. The ± is referring to standard deviation (SD) 
from at least three independent experiments. NA represent not available data from that particular 
strains. 
 
Potential Probiotic strains Percentage of A. actinomycetemcomitans 
biofilm degradation (%) 
 Y4  SUNY 75  OMZ 534 
L. fermentum JCM 1137 93 ± 1 65 ± 13 97 ± 1 
L. delbrueckii subsp. casei JCM 1012 92 ± 1 N/A N/A 
L. fermentum NBRC 15885 92 ± 1 65 ± 12 99 ± 0 
L. casei subsp. rhamnosus NBRC 3831 90 ± 3 -29 ± 5 24  ± 10 
L. johnsonii NBRC 13952 90 ± 1 60 ± 11 94  ± 2 
L. fructosum NBRC 3516 90 ± 1 65 ± 11 97 ± 1 
L. acidophilus JCM 1021 90 ± 1 53 ± 3 51 ± 8 
L. casei NBRC 15883 90 ± 1 N/A N/A 
L. sake NBRC 3541 86 ± 5 N/A N/A 
L. mesenteroides IAM 1046 86 ± 4 N/A N/A 
L. paracasei subsp. paracasei NBRC 3533 84 ± 2 N/A N/A 
L. lactis NBRC 12007 73 ± 4 N/A N/A 
L. plantarum NBRC 15891 61 ± 6 30 ± 6 48 ± 5 
86 
 
Effective biofilm degradation by probiotic cells directly to the pre-formed biofilm might suggest 
another novel mechanism. However, given that the determination of biofilm degradation using the 
crystal violet assay does present certain limitations (for example, it does not give a measure of 
biofilm viability as it stains both live and dead bacteria cells, EPS, and extracellular DNA), 
assessment of the relative proportion of dead and living biofilm cells might provide useful 
information regarding the mechanism underlying the observed effects. 
 
4.3.2. Degradation ability of probiotic bacteria cells and supernatant 
 
Regardless of the species, all probiotic bacteria demonstrated their ability to degrade A. 
actinomycetemcomitans Y4 biofilm. Five probiotic species were randomly selected to determine 
whether biofilm degradation was driven by the cells or extracellular compounds produced in the 
supernatant. We observed that both the concentrated supernatant and cells promoted the biofilm 
degradation activity at different levels of intensity (Fig. 4.2). Interestingly, the probiotic cells 
showed higher biofilm degradation activity compared with a 10 times concentrated cell-free 
supernatants.  The phenomena gain our interest to explore the potential of the cells and what is the 





Figure 4.2. Percentage of biofilm degradation by probiotic cells or cell-free supernatant 
(concentrated) against A. actinomycetemcomitans Y4 biofilm. Black bars represent biofilm 
degradation by cells and white columns represent biofilm degradation by a cell-free supernatant. 
Bars represent the mean, error bars represent standard deviation. 
 
4.3.3. Probiotic cell pellet and degradation activity 
 
Basically, all probiotic lactobacilli used in this study own poor ability to produce biofilm on the 
microtiter plate. The biofilm value observed after 24 hour incubation of the probiotic lactobacilli 
is always less than OD 0.05 at 492 nm absorbance (Fig 4.3). This finding suggesting that probiotic 





Figure 4.3. Biofilm formation of probiotic strains and A. actinomycetemcomitans Y4 in mono-
culture. Initial OD of each sample of cell culture suspensions were 0.05 at 600nm. All samples 
were incubated in anaerobic condition at 37C for 24 hour. Bars represent the mean and error bars 
represent standard deviation. 
 
The influence of probiotic cell pellets on the degradation activity was reconfirmed by a 
coaggregation assay. This assay might facilitate direct cell attachment between the probiotic cells 
and the biofilm, without the influence of nutrients or the low pH of the culture medium. The co-
aggregation buffer may also promote and stabilize the aggregation activity that occurs between 
cells.  In this assay, the A. actinomycetemcomitans Y4 biofilm was propagated to be two-fold 
higher (biofilm value: 1.04) than in the BHI medium (0.48). Corresponding this, the percent 
biofilm degradation by cell pellets was shown similar for cells in a nutrient rich medium (MRS) 
or co-aggregation buffer (Fig. 4.4A). This is an important finding as it demonstrates that probiotic 
cells have an effective and continual impact against formed biofilm. The potential of cell pellets 
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was further investigated using dead probiotic cells as a degrading agent. Our findings showed that 
only dead cells of L. fermentum NBRC 15885 had the ability to affect the pre-biofilm, at half the 
rate compared to viable cells. Conversely, other strains of dead probiotic cells lost their ability to 
degrade the biofilm. In spite of the degradation, dead cells of L. johnsonii NBRC 13952, L. 
acidophilus JCM 1021, and L. fructosum NBRC 3516 did propagate in the biofilm and contributed 
to the degradation values (Fig. 4.4B).  These results indicate that a factor for the biofilm 
degradation should be produced by the viable probiotic strains. 
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Figure 4.4. Influence of culture medium nutrient and cell viability on biofilm degradation 
activity. Fig. 3A represents a comparison of biofilm degradation by probiotic cells in a nutrient 
rich medium and a co-aggregation buffer. The nutrient rich medium contained a low density of 
probiotic cells (OD 0.05 at 600 nm absorbance). Washed cell pellets from an overnight culture 
were co-incubated with pre-formed A. actinomycetemcomitans Y4 biofilm to form the co-
aggregation buffer. Fig. 3B represents biofilm degradation by dead probiotic cells (autoclaved). 




An overnight incubation of A. actinomycetemcomitans Y4 biofilm (control) in a co-aggregation 
buffer showed an approximate 2-fold higher propagation than in a nutrient-rich medium. A co-
aggregation buffer might induce a higher auto-aggregation between cells which later assembled 
into a bigger biofilm. In addition, environmental and pH changes might also influence A. 
actinomycetemcomitans biofilm formation (Haase et al. 2006). Otherwise, an addition of probiotic 
cells and co-aggregation of those cells with the biofilm would be expected to contribute to a higher 
biofilm. However, the degradation of biofilm activity was robust and there was almost no 
difference between the co-aggregation buffer and the nutrient-rich medium. This suggests that the 
activity was not nutrient-dependent and that direct cell contact was possibly a physical factor that 
contributed to biofilm degradation. In theory, a co-aggregation between cells will contribute to a 
higher biofilm formation (de Toledo et al. 2012; Karched et al. 2015). This phenomenon was 
observed with dead probiotic cells against the pre-formed biofilm. A negative biofilm degradation 
activity associated with dead probiotic cells indicated that viable cells were potent agents and that 
active compounds were possibly produced by the viable cells. A reduced biofilm showed that the 
addition of probiotics onto the biofilm might suggest a low co-aggregation activity between 




4.3.4. Viability of A. actinomycetemcomitans Y4 from degraded biofilm 
 
In theory, degraded biofilm dispersed as live or dead cells into the culture medium. Therefore, 
viability of the degraded biofilm following the addition of probiotic cells was assessed. As 
expected, the degraded biofilm showed a higher cell number compared with the control (Fig. 4.5) 
However, the number of viable bacteria in the culture supernatant was not proportional to the 
percentage of biofilm degradation. An existence of a high number of viable cells from a biofilm 
assay with L. fermentum NBRC 15885 and L. johnsonii 13952 might suggest that the degradation 
activity was possibly not due to an inhibitory or killing effect of the probiotic cells against A. 
actinomycetemcomitans Y4.  
 
Figure 4.5. Co-incubation of pre-formed A. actinomycetemcomitans Y4 biofilms with 
probiotic cells leading to biofilm degradation. A. actinomycetemcomitans Y4 biofilm was 
allowed to form under static anaerobic conditions for 72 h before a further 24 h co-culture with 
probiotic cells in a co-aggregation buffer. Biofilm with the addition of a co-aggregation buffer was 
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used as a control. Grey columns represent biofilm formation and empty circles represent viable A. 
actinomycetemcomitans Y4 from the biofilm supernatant. Bars and circle represent the mean, error 
bars represent standard deviation. 
 
The higher number of viable cells detected in the supernatant of degraded biofilm compared to the 
control proves that there was a disassociation between the cells in the biofilm. Because the number 
of viable cells was not correlated with the rate of biofilm degradation, various factors such as 
strain-specific inhibitory or non-inhibitory effects might also play a role. A. 
actinomycetemcomitans biofilm contains an assemblage of cells which are extremely tenacious on 
surfaces (Kaplan et al. 2003) and are resistant to removal agents such as detergents, proteases, heat, 
sonication, and vortex agitation (Fine et al. 1999). Biofilms are always enclosed in a complex 
matrix which is primarily structured by microbial cells and extracellular polymeric substances 
(EPS) (M.D 2002). The composition and structure of EPS varies widely among bacterial species 
(Hansch 2012). 
 
4.3.5. Effect of low pH and lactic acid on biofilm degradation 
 
Any of the probiotic species used in this study could have contributed to a low pH of the culture 
supernatant due to metabolic activity and production of organic acids. To assess whether a low pH 
had contributed to biofilm degradation, the activity was confirmed using an adjusted pH (6.5) cell-
free supernatant. Initial pH range of the untreated cell-free culture supernatant was from pH 4.4 to 
pH 5.2. We observed that the percent biofilm degradation was relatively the same between the 
untreated and adjusted pH cell-free supernatant (Fig. 4.7A). Except for L. fermentum NBRC 15885 
and L. acidophilus JCM 1021 which show a significant different after pH changes. This result 
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suggests that a low pH condition did not contribute to the degradation activity of the biofilm.  
Because lactic acid is one of potent metabolites produced by probiotic species, effect of lactic acid 
was determined using the same method. The concentrations of lactic acid used ranged from 100 to 
250 mM (Fig 4.6), which might represent the same amount produced by probiotics in the actual 
biofilm assay. All probiotic cells significantly caused a higher degradation activity compared to 
lactic acid (Fig. 4.7B). Lower values of biofilm formation compared to the A. 
actinomycetemcomitans Y4 control indicated that a higher degradation activity had occurred. This 
finding indicates lactic acid has vice-versa effect toward biofilm degradation. Thus, other factors 
have roles the biofilm degradation activity 
 
Figure 4.6. Amount of lactic acid produced in biofilm assay, 24 hour after probiotic cell 
culture addition. Numbers represent strains as follows; 1: Lactococcus lactic NBRC 12007, 2: L. 
johnsonii NBRC 13952, 3: L. casei subsp. rhamnosus NBRC 3831, 4: Lactobacillus paracasei 
subsp paracasei 3533, 5: Leuconostoc mesenteroides IAM 1046, 6: L. sake NBRC 3541, 7: L. 
fermentum NBRC 15885, 8: L. casei NBRC 15883, 9: L. plantarum NBRC 15891 and 10: 






Figure 4.7. Influence of probiotic bacteria supernatant and lactic acid on biofilm growth. 
Percent biofilm degradation following (A) the addition of an untreated cell-free supernatant (black 
column) or an adjusted pH (6.5) cell-free supernatant (gray column). (B) Biofilm growth of A. 
actinomycetemcomitans Y4 with lactic acid at various concentrations compared with the addition 
of probiotic cells. Biofilm of A. actinomycetemcomitans Y4 was allowed to pre-form under static 
anaerobic conditions for 72 h prior to the addition of lactic acid or probiotic cells. Bars represent 
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the mean, error bars represent standard deviation and significance was measured using paired T-
test (* = P< 0.05, **=P< 0.001). 
 
 
4.3.6. Disruption of biofilm growth by enzymes activity 
 
The bacterial biofilm matrix contains proteins, nucleic acid, polysaccharides, lipids, mineral ions, 
and cell debris (Singh et al. 2015). To examine the effect of enzymes on biofilm activity, proteinase, 
amylase, lipase, and all enzymes in combination were applied to the pre-formed biofilm using the 
same method for the addition of probiotic cells. Our findings showed that all enzymes have a 
degrading effect against the A. actinomycetemcomitans Y4 biofilm (Fig. 4.8A). A potent 
degradation effect was demonstrated by lipase and enzymes in combination with a 90.5% and 
92.4% reduction of biofilm, respectively. Proteinase K and amylase showed a moderate effect with 
a 41.2% and 53.6% reduction of biofilm, respectively. The influence of lipase enzyme on biofilm 
degradation in Y4 strain was reconfirmed by adding a lipase inhibitor to the probiotic cell-free 
supernatant (Fig. 4.8B). The activity of biofilm degradation significantly reduced by the addition 
of the lipase inhibitor into the probiotic cell-free supernatants (Fig. 4.8B). This might suggest that 
lipase plays an important role in the biofilm degradation of Y4 strain. In contrast, L. fermentum 
NBRC 15885 and L. fructosum NBRC 3516 showed no influence for biofilm degradation in the 
presence of the lipase inhibitor, meaning that the biofilm degradation by these bacteria may be due 
to another mechanism. A. naeslundii JCM 8349 (as a negative control) showed no difference with 














Figure 4.8. Effect of enzymes and influence of lipase inhibitor on the formed biofilm (A, C and E) show degradation activity by the 
presence of proteinase K, amylase, lipase, or a combination of all enzymes against Y4, SUNY 75, and OMZ 534 respectively. (B, D and 
F) are the influence of lipase inhibitor on biofilm degradation against Y4, SUNY 75 and OMZ 534 respectively. Probiotic strains and 
controls were labelled as follows. 1: Positive control (A. actinomycetemcomitans biofilm without the addition of probiotic cells), 2: L. 
fermentum NBRC 15885, 3: L. casei subsp. rhamnosus NBRC 3831, 4: L. fructosum NBRC 3516, 5: L. acidophilus JCM 1021, 6: L. 
johnsonii NBRC 13952, 7:  L. plantarum NBRC 15891, 8: A. naeslundii JCM 8439 (negative control species). Bars represent the mean, 
error bars represent standard deviation and significance was measured using paired T-test (* = P< 0.05, **=P< 0.001).
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The biofilm of the other serotype of A. actinomycetemcomitans SUNY 75 was moderately affected 
by the three enzymes (protease, lipase, and amylase), of which the highest biofilm degradation 
activity was shown in the presence of protease (Fig. 4.8C).  The addition of lipase inhibitor to the 
probiotic cell-free supernatant showed an inhibitory effect for the biofilm degradation by two 
probiotic strains, L. casei subsp. rhamnosus NBRC 3831 and L. johnsonii NBRC 13952; however, 
no/less effect was observed for other potential probiotics (Fig. 4.8D). On the other hand, the OMZ 
534 biofilm was greatly affected by the three enzymes as shown in a result that more than 50% of 
biofilm was degraded by protease, lipase, or amylase (Fig 4.8E). In addition, the biofilm 
degradation by L. acidophilus JCM 1021 and L. johnsonii NBRC 13952 was remarkably inhibited 
by a lipase inhibitor (Fig 4.8F). Other probiotic strains also showed an inhibitory effect of biofilm 
degradation but the effect was not significant in conditions with or without the lipase inhibitor. A. 
naeslundii JCM 8349 (used as a negative control) showed no difference with or without the lipase 
inhibitor.  
 
In order to verify the importance of lipase in the biofilm degradation, lipase activities in all the 
strains used in this study were measured.  As a result, the lipase activities of all probiotic strains 
cell-free supernatants were higher than the positive control (Fig. 4.9).  The relatively-high lipase 
activities were detected from the supernatants of L. acidophilus JCM 1021, L. johnsonii 13952, 
and L. casei subsp. rhamnosus NBRC 3831.  In addition, although the negative control, A. 
naeslundii JCM 8349 did not have the ability of biofilm degradation, a high lipase activity was 
detected from the strain.  We hypothesize that lipase enzymes derived from the probiotic strains 
may be highly specific to the biofilm of A. actinomycetemcomitans strains due to the substrate 
specificity as there have been some literatures that describe the diversity of lipase enzymes 
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(Arpigny and Jaeger 1999; Jaeger et al. 1994; Yuhong et al. 2009).  Furthermore, the biofilm 
degradation by L. fermentum NBRC 15885 and L. fructosum NBRC 3516 might be due to another 
mechanism because they did not have a high lipase activity despite the cell-free supernatants from 
both species had great biofilm degradation abilities for A. actinomycetemcomitans strains tested. 
Figure 4.9. Profile of lipase activity from an overnight culture in a supernatant of probiotic 
bacteria. Probiotic strains and controls were labelled was follows. 1: Positive control (lipase 
enzyme with final concentration 0.01 mg/mL), 2: L. fermentum NBRC 15885, 3: L. casei subsp. 
rhamnosus NBRC 3831, 4: L. fructosum NBRC 3516, 5:  L. acidophilus JCM 1021, 6:  L. johnsonii 
NBRC 13952, 7: L. plantarum NBRC 15891, 8: A. naeslundii JCM 8439 and 9: negative control 
(sterilized distilled water). Bars represent the mean, error bars represent standard deviation. 
 
Established biofilms have been reported to be variably susceptible against enzymatic treatments. 
For example, protease, amylase, and pectinase enzymes from Aspergillus clavatus degrades the 
biofilms of Pseudomonas aeruginosa, Bacillus subtilis, and Staphylococcus aureus (Singh et al. 
2015). Another study reported that trypsin significantly reduced biofilm formation and, by contrast, 
proteinase K enhanced biofilm formation of a Rhodococcus ruber C208 biofilm (Gilan and Sivan 
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2013). Our findings demonstrate that the lipase enzyme and the mixed enzyme of lipase, protease, 
and amylase  provided a powerful degradation biofilm activity against the A. 
actinomycetemcomitans Y4 and OMZ 534 strain, whereas partially in SUNY 75.  Lipase activities 
with the potency of biofilm degradation ability against the Y4 shows a certain relationship between 
the L. casei subsp. rhamnosus NBRC 3831, L. acidophilus JCM 1021, L. johnsonii NBRC 13952, 
and L. plantarum NBRC 15891.  However, the relationship is not highly corresponded to the other 
serotypes, SUNY 75 and OMZ 534 which showed no/less effect of biofilm degradation in the 
presence of lipase enzyme. Variations in the effect of enzymes for the biofilm degradation were 
observed in A. actinomycetemcomitans strains (three serotypes) because A. 
actinomycetemcomitans strains are with the large genetic variations (DiRienzo et al. 1994; Kaplan 
et al. 2002; Paju et al. 2000; Zambon et al. 1983), by which the property of each A. 
actinomycetemcomitans strain can be diverse.  In fact, other factors such as LPS and EPS  
components which are varied between A. actinomycetemcomitans serotypes (Hoover 1988; 
Wilkinson 1996) may be influential in the degradation of biofilm (Amarasinghe et al. 2009).  The 
genetic variation of A. actinomycetemcomitans may be one of the reasons why the biofilm 
degradation of SUNY 75 was harder than that of other serotypes.  Also, instead of lipase enzyme, 
in SUNY 75 the treatment by proteases showed the highest biofilm degradation activity among the 
three enzymes (protease, lipase, and amylase), indicating that the composition of biofilm in SUNY 
75 may be different with the other serotypes of A. actinomycetemcomitans strains.  In addition, L. 
fermentum NBRC 15885 and L. fructosum NBRC 3516 which have a low lipase activity, able to 
sustain their biofilm degradation ability against Y4 and OMZ 534, might have another mechanism 
of biofilm degradation independent of the lipase activity.  Thus, the biofilm degradation using 
potential probiotics may have a variety of strategies because A. actinomycetemcomitans strains are 
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with the large genetic variations (DiRienzo et al. 1994; Kaplan et al. 2002; Paju et al. 2000; 
Zambon et al. 1983). There is a possibility that the high biofilm degradation effect by the lipase 
enzyme was due to the digested lipoprotein in the A. actinomycetemcomitans Y4 biofilm matrix. 
Paul-Satyaseela et al. (Paul-Satyaseela et al. 2006) reported that the outer-membrane proteins of 
A. actinomycetemcomitans contained peptidoglycan associated lipoprotein, which has a strong 
immunoreactivity. This was also supported by another study which identified the proteins from an 
A. actinomycetemcomitans strain D7S biofilm by LC-MS/MS (Zijnge et al. 2012). Their findings 
showed that a relatively high abundance of the protein predicted that it was either periplasmic or 
located in the outer membrane. In an analysis of extracellular proteins of a single strain, it was 
found that 250 proteins were grouped into lipoproteins and outer membrane proteins (Paul-
Satyaseela et al. 2006). Another study researched the amyloid-like fiber formation in rough and 
smooth phenotypes of A. actinomycetemcomitans strains (Kimizuka et al. 2009) using Congo red 
(CR) as a binding assay, and confirmed that this species binds to CR. Congo red is a hydrophobic 
diazo dye which binds to lipids, lipoproteins, and a variety of amyloid proteins (Kimizuka et al. 
2009). Amyloid-like fibers are abundant in natural biofilms (Kimizuka et al. 2009) and are 
described as highly organized protein aggregates which are resistant to chemical or temperature 
denaturation and proteases digestion (Nordstedt et al. 1994). In the recent study by Chalabaev et 
al. (52), it was reported that the biofilm of gram-negative bacteria was associated with an increased 
level of lipid A palmitoylation, which influenced their antimicrobial resistance and inflammatory 
response. An abundance of lipids or lipoproteins reported by previous studies support the role of 







In conclusion, probiotic bacteria demonstrate a robust degradation activity on A. 
actinomycetemcomitans Y4 and OMZ 534 strain, and a moderate effect against SUNY 75 strain. 
Lipase enzyme from probiotic strains might be an influential factor in the biofilm degradation 
against A. actinomycetemcomitans Y4 and OMZ 534 strains. This novel property can be utilized 
as a starting point on the usage of probiotic cells as agents that can directly interact with biofilms 
at a clinical level. However, further research and more specific analyses need to be conducted in 
order to exemplify the mechanisms underlying this activity. Contrasting roles of probiotic bacteria 
and the periodontal pathogen towards host cells contribute to promising techniques to control 

















BIOFILM FORMATION OF PERIODONTAL PATHOGENS ON HYDROXYAPATITE 




Periodontal disease is characterized by the detachment of gums from teeth due to inflammatory 
responses to microbial plaques. This condition is initiated by biofilm formation on teeth surfaces 
by a mixture of pathogenic and non-pathogenic bacterial species. Anaerobic bacteria, such as 
Trepanema denticola and Porphyromonas gingivalis, and microaerophilic bacteria, such as 
Aggregatibacter actinomycetemcomitans, are common periodontal pathogens with putative 
virulence factors against the host immune cells (Handerson Brian et al. 2002). Plaque activities by 
these bacteria lead to the production of various compounds, including proteinases, toxins, 
ammonia, hydrolytic enzymes, lipopolysaccharide (LPS), and antigens.  Together, these factors 
elicit inflammatory responses and contribute to the degradation of periodontal tissues, the 
destruction of adjacent supportive alveolar bone, and finally, the loss of teeth.(Dashper et al. 2010; 
WJ. 1996) Thus, various biomaterial approaches have been introduced as a supportive solution to 
combat biofilm formation.  
 
Hydroxyapatite (HA) biomaterials have composition that highly similar to bone minerals and bone 
apatite. Hence, HA has been established as a biocompatible material that chemically binds to bone 
and induces no local or systemic toxicity or inflammation.(Calasans-Maia et al. 2015; Pepla et al. 
2014) Dental applications of HA include oral surgeries for implantology and periodontal 
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regeneration,(Pepla et al. 2014) such as pulp capping, apical barrier formation, and repair of 
periapical defects.(Chohayeb et al. 1991; Jean et al. 1988)  
In this study, bacterial activities against the dense and porous type HAs were investigated as 
models for enamel and dentin, respectively. Dentin and enamel primarily comprise calcium 
phosphate and have molecular structures similar to hexagonal HA, which produces the white 
appearance of enamel.(Pepla et al. 2014) In addition, HA densities do not differ significantly 
between the buccal and lingual sides of enamel at the outer, middle, and inner layers.(Sreenivasan 
et al. 1993)  A previous report shows that a synthetic HA has similar calcium and phosphorus 
levels and Ca/P ratios, crystallographic properties similar to those of enamel and dentin,(Al-
Sanabani et al. 2013b) and mechanical properties of enamel, such as density and modulus elasticity, 
similar to those of dense HA.(Porter 1994) Dentin lies below the enamel and comprises separate 
calcified tissues with smaller apatite crystals than those of enamel.(Sakaguchi and Powers 2012) 
These properties are similar to those of porous HA, which has a higher surface area and dissolution 
susceptibility than enamel.(Porter 1994) Hence, the similarities of dense and porous HAs with 
enamel and dentin, respectively, warrant use as representative materials for studies of bacterial 
activities on enamel and dentin-like surfaces in vitro.  
 
Plaque activities of A. actinomycetemcomitans and P. gingivalis specifically promote pro-
inflammatory responses,(Aberg et al. 2015; Matangkasombut et al. 2010; Taichman et al. 1991) 
potentially contributing to aggressive periodontitis. A. actinomycetemcomitans commonly 
colonize gingival crevices,(Handerson Brian et al. 2002) whereas P. gingivalis reside at the 
subgingival level in oral cavities.(Zhu et al. 2013)  Following plaque activity, both species are 
responsible for the productions of leukotoxins which contributes to imbalance host immune 
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responses that result in degradation of gingiva, periodontal ligaments, and alveolar bones that 
support teeth.(Handerson Brian et al. 2002; Lamont and Jenkinson 1998) In addition, innate 
immune cells such as macrophages are activated under these conditions, leading to phagocytosis 
or internalization of bacterial cells at infected areas. However, activated macrophages cause 
dissolution of HA due to decreased local pH.(Porter 1994; Ratner et al. 2012) In combination, the 
contributions of bacteria and host cell activities to periodontal destruction warrant studies of 
bacterial damage to teeth and comparisons of these activities on various tooth surfaces. However, 
dynamics of the biofilm formation by the periodontal species toward enamel-like and dentine-like 
of HAs surfaces were still not studied well. Herein, we evaluated temporal effects of active biofilm 
of periodontal pathogens on two types of HA and determined the influence of surface properties 
on bacterial activities.  
 
5.2. Materials and method 
 
5.2.1. Bacteria strains and growth media 
 
The periodontal pathogens Aggregatibacter actinomycetemcomitans strain Y4 and 
Porphyromonas gingivalis 381 as virulent laboratory strains were kindly provided from Kyushu 
Dental University, Japan. A. actinomycetemcomitans Y4 was grown in Brain Heart Infusion (BHI) 
(Wako) supplemented with 1% yeast extract (w/v) in a shaking (120 rpm) incubator at 37C in 5% 
CO2 for 48 h. P. gingivalis 381 was grown in Gifu Anaerobic Medium (GAM; Nissui, 
Pharmaceutical Co., ltd, Japan) with menadion (5 mg/L) and hemin (1 mg/L) under anaerobic 
conditions at 37C for 48 h. 
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5.2.2. Preparation of HA 
 
Dense type HA disks (CELLYARD® pellet) of 5 mm in diameter and 2 mm in thickness were 
purchased from HOYA Technosurgical Corporation, Japan. Porous type HA was coated on NaOH- 
and heat-treated titanium (Ti) plates by soaking in simulated body fluid (SBF) that was 
supersaturated with apatite according to a previous study (Kim et al. 1996). Briefly, pure Ti plates 
(Nilaco Co., Japan) 4.4 × 4.4 × 0.1 mm were treated with 5 mL of 5-mol/L NaOH aqueous solution 
at 60°C with shaking at 120 strokes/min. Plates were then dried at 60°C and heated to 600°C in an 
electric furnace (KDF-S70, Denken Co. Ltd., Japan) for 1 h. Treated Ti substrates were 




2− at 142.0, 5.0, 1.5, 2.5, 147.8, 4.2, 1.0, and 0.5 mmol/L, respectively, 
and was prepared by adding NaCl, NaHCO3, KCl, K2HPO4·3H2O, MgCl2·6H2O, CaCl2, and 
Na2SO4 (Nacalai Tesque, Inc., Kyoto, Japan) to ultra-pure water in this order.(Cho et al. 1995) The 
pH of the resulting solution was adjusted to 7.40 by addition of tris(hydroxymethyl)aminomethane 
(Nacalai Tesque, Inc.) and an appropriate volume of 1 mol/L HCl solution. 
 
5.2.3. Surface material characterization of dense and porous type HAs 
 
To assess influences of HA surface materials on biofilm activity, wettability, surface charge, total 
surface area, and surface roughness were analyzed. Wettability was determined according to 
contact angle measurements using the sessile drop technique with a Data Physic measurement 
system (model DMe-200, Kyowa Interface Science Co., LTD). Surface roughness (Ra) was 
analyzed using a surface roughness meter (SJ-301, Mitutoyo Co., Japan). Whereas, surface charge 
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and total surface area were base from previous study. (Kawai et al. 2006; Kim et al. 2003; Kim et 
al. 1996) 
 
5.2.4. Biofilm assay 
 
Biofilm assays were performed according to the methods of Pratt and Kolter,(Pratt and Kolter 
1998) with some modifications. Before seeding, HA samples were sterilized by autoclaving at 
120C for 20 min. Prior to developing mature biofilm, the planktonic stage was generated using 
overnight cultures of A. actinomycetemcomitans Y4 or P. gingivalis 381 diluted to an optical 
density (OD) of 0.05 at 600 nm in fresh BHI or GAM medium, respectively. Subsequently, 5-mL 
bacterial suspensions were seeded into 6-well plates (Thermo Scientific), and sterilized HA pellets 
were gently dropped in and were fully soaked at the bottoms of wells, forming biofilm. As a 
negative control, HA pellets were soaked in bacteria-free medium. To form biofilm on 
polyethylene terephthalate (PET), 200-µL bacteria suspensions were seeded into 96-well flat 
bottom plates (Costar, Corning NY), and 200 µL aliquots of bacteria-free culture medium were 
assayed as a negative control. All plates were incubated under static anaerobic conditions at 37C 
for 2 and 7 days and formation of biofilm was evaluated periodically by visual inspection.  
 
5.2.5. Biofilm biomass quantification 
 
Biofilm formation was quantified using crystal violet staining as previously described.(Westas et 
al. 2014) Briefly, following biofilm assays, supernatants were collected and filter sterilized using 
0.20-µm non-pyrogenic filters (Sartorius Stedim Biotech, Goettingen, German). All supernatants 
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were maintained at 4C for further analysis. Subsequently, dense and porous HA discs were 
washed three times in 1-M phosphate buffered saline (PBS). Discs were then dried by patting on 
a piece of paper towel to remove loosely attached cells and media. HA discs were then transferred 
into new 96-well flat bottom plates, and 200-µL aliquots of 0.1% crystal violet (w/v) were added 
to each well and dissolved for 10 min. Plates were then gently rinsed using distilled water and 
were allowed to air-dry in an incubator at 37C for 15 min. Subsequently, stained HA discs were 
transferred into new 96-well flat bottom plate and 300-µL aliquots of 95% ethanol (v/v) were 
added and dissolved for 30 min by gentle pipetting up and down for several times. Dissolved 
solutions were then transferred into new wells and absorbance was measured using an ELISA 
microplate reader (Tecan, Waco) at 620 nm. Biofilm quantifications on PET surfaces were 
performed using the same protocol, and total biofilm formation values were calculated by 
deducting those of HA discs in bacteria-free suspensions of the same medium. 
 
5.2.6. pH assessment 
 
Calcium dissolution from HA might be influenced by the pH of culture medium.(Ishikawa 2008) 
Therefore, culture supernatants from 2 and 7 days biofilm assays were collected and pH was 
measured using an AQUATwin pH meter. 
 
5.2.7. Determination of calcium leakage 
 
Dissolution of HA due to the biofilm activities was determined according to calcium 
concentrations in supernatants from biofilm assays. In the experiments, supernatants were 
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collected, filter sterilized using 0.2 µm pore-size filter, diluted to 10 times lower than initial 
concentration with filter sterilized distilled water prior analyzed using a Sequential Plasma 
Spectrophotometer ICPS-8000 (Shimadzu, Japan).  
 
5.2.8. Scanning electron microscopy 
 
Following biofilm formation, HA discs were washed three times using sterile 0.1-M phosphate 
buffer (pH 7.4). Subsequently, samples were fixed in 2% glutaraldehyde at 4C for 1 h, and were 
then post-fixed in 1% Osmium tetroxide at 4C for another 1 h. After washing three times in cold 
0.1-M phosphate buffer, all samples were dehydrated by serially soaking in a graded series of 60, 
70, 80, 90, and 95% ethanol for 15 min each. Subsequently, the samples were subjected to a critical 
point drying procedure by soaking HA discs with and without biofilm samples in 95% ethanol for 
15 min, followed by soaking in 100% hexamethyldisilazane (HMDS) for 15 min. Excess fluid was 
then removed using filter paper and samples were allowed to dry overnight. Samples were then 
sputter-coated with thin gold, and scanning electron microscopy (S-3500N, Hitachi Ltd., Japan) 
was performed at an accelerating voltage 15kV and magnification range of 1500× to 15000×. Four 
fields were randomly chosen for each sample to eliminate uneven bacterial distributions. Bacterial 
and biofilm morphologies and the effects of biofilm formation on HA surfaces were evaluated 







5.2.9. Statistical analysis 
 
Data from at least three independent experiments and represented as mean ± SD (standard 
deviation). Comparisons were performed by the means of Student t-test using GraphPad Software 
and P ˂ 0.05 was considered as significant. 
 
5.3. Results and discussion 
 
Biofilm formation by pathogenic bacteria is an important mechanism during the progression of 
periodontal disease. Their activity always incorporated with pro-inflammatory responses from 
immune cells, which then contribute to tissue damage in the surrounding areas (Aberg et al. 2015; 
Johansson 2011; Kelk et al. 2011). Although various chemical and physical factors are involved 
in this inflammation, microorganisms are essential to these processes in various forms of 
periodontitis(Kakehashi et al. 1965). Hence, direct effects of biofilm activity on enamel-like and 
dentin-like surfaces were investigated in the absence of immune cells. This novel approach might 
provide useful information on the involvement of periodontal pathogens towards periodontium 
damage.  A. actinomycetemcomitans and P. gingivalis were previously identified as late and 
middle colonizers of oral cavities, respectively,(Periasamy and Kolenbrander 2010) and require 
other species for attachment and sustained formation of biofilm. In addition, previous studies show 
only minimal contributions of salivary receptors to attachment of pathogens to dental 
surfaces.(Cowan et al. 1986; Gibbons and Etherden 1983)  Thus, in the present experiments, 





5.3.1. Surface characterization 
 
Surface characteristics of dense and porous type HAs are presented in Table 5.1. Both materials 
showed hydrophilic properties, with contact angles of  < 90.(Ho et al. 2011) Zeta potentials for 
both materials were also similar. However, total surface area and roughness differed significantly 
between tested HA types. Specifically, porous type HA had 32 times greater surface area and 3.2 
times greater surface roughness than dense type HA. These properties may contribute to higher 
biofilm adhesion by bacteria.  
 
Table 5.1. Surface characteristics of dense and porous type hydroxyapatite (HA)   
 
Data are presented as means ± standard deviations (SD; n=3). 
Zeta potentials for dense and porous type hydroxyapatites were taken from a previous study ((Kim 
et al. 2003; Kim et al. 2005). Total surface areas were taken from a previous study (Kawai et al. 
2006) 
 
 Biomaterial surfaces 
 Dense Porous 
Zeta Potential (mV) −6.5 ± 0.5 (Kim et al. 2003) −7.5 ±2.5 (Kim et al. 2005) 
Contact angle ()  23.1 ± 0.6 20.6 ± 0.5 
Total Surface area (m2/g) (Kawai et 
al. 2006) 
7  226  
Ra (µm) 0.2 ± 0.0 0.64 ± 0.1 
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5.3.2. Biofilm formation of HA surfaces over time 
 
Biofilm-forming abilities of both periodontal pathogens were quantified according to changes in 
biofilm mass over 2 and 7 days incubation. Biofilm of both species was higher on the porous type 
HA than on the dense type HA (Figure 5.1), reflecting higher surface area and roughness of porous 
type HA. Accordingly, total surface areas and surface roughness of porous type HA reportedly 
promoted and stabilized bacterial cell adhesion,(Scheuerman et al. 1998) Relatively, dense HA 
might have maximum pore sizes of less than 1 µm in diameter,(Porter 1994) whereas porous HAs 
have larger pore sizes and 32 times greater total surface area.(Kawai et al. 2006)  
 
Moreover, periodontal pathogens that have cell sizes of 0.5–1.5 µm,(Handerson Brian et al. 2002; 
Zambon 1985) potentially providing advantages to reside and deposit their cells and biofilm 
components in the  available pores. The present HA types had similar surface charges and 
hydrophilic properties, and these physical properties are unlikely to influence A. 




Figure 5.1: Biofilm formation on dense and porous type HA and polyethylene terephthalate 
(PET) surfaces by periodontal pathogens after 2 and 7 days incubation. A, Biofilm formation 
by A. actinomycetemcomitans Y4 in BHI medium; B, biofilm formation by P. gingivalis 381 in 
GAM medium. Bars represent the mean, error bars represent standard deviation and significance 
was measured using paired T-test (* = P< 0.05, **=P< 0.01) 
 
However, bacterial adhesion differed between the two species. Accordingly, A. 
actinomycetemcomitans Y4 had a significantly reduced biofilm activity from days 2 to 7, with 
reduction in biofilm values of 0.05 and 0.94 on dense and porous HAs, respectively (Figure 5.1A). 
Conversely, P. gingivalis 381 showed significantly increasing biofilm activity during this period, 
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with increment values of 0.023 and 0.194 on dense and porous type HAs, respectively (Figure 
5.1B). Biofilm formation was confirmed using PET plates for both species, with similar patterns 
of biofilm reduction in A. actinomycetemcomitans Y4 after 7 days incubation. These data suggest 
that surface physicochemical properties does not influence biofilm behaviors of A. 
actinomycetemcomitans Y4.  
 
Reduced biofilm values may indicate the dispersal of mature A. actinomycetemcomitans biofilm 
through the release of single or small clusters of cells into the supernatant.(Das et al. 1997; Kaplan 
et al. 2003) This is interesting since adhesion capacity of A. actinomycetemcomitans had been 
reported as tenacious and high in affinity on HA (Fine et al. 1999; Kaplan et al. 2003). Thus, 
detachment of these biofilm may indicate pathogenic mechanisms of A. 
actinomycetemcomitans,(Kaplan et al. 2003) and the ensuing dispersion activities may contribute 
to non-oral infections such as bacteremia’s, infective endocarditis, and localized abscesses.(Kaplan 
et al. 1989) In addition, it was reported that biofilm detachment by A. actinomycetemcomitans is a 
distinct process,35 which involves the formation of non-aggregated cells inside the biofilm colony 
due to the synthesis of O-polysaccharide (O-PS) component of lipopolysaccharide.35 Thus, biofilm 
detachment by A. actinomycetemcomitans might be controlled by genetically regulated 
developmental pathways (O'Toole et al. 2000).  
 
5.3.3. Effects of biofilm activity on HA surface properties 
 
The effects of periodontal pathogen biofilm on the HA surfaces were observed using scanning 




Figure 5.2. Scanning electron microscope image of dense type (A) and porous type (B) HAs 
before soaking in biofilm assays. 
 
In comparisons of untreated dense (Figure 5.2A) and porous type HA (Figure 5.2B) surfaces, A. 
actinomycetemcomitans Y4 were coccoid in shape and bigger than HA particles. Moreover, layers 
of A. actinomycetemcomitans Y4 cells were observed covering dense type HA discs after 2 days 
incubation (Figure 5.3A). However, after 7 days incubation almost no biofilm was observed on 
dense type HA surfaces (Figure 5.3B), and compared with untreated dense HA particles, showed 
the emergence of several gaps between HA particles in all areas.  In contrast, identical patterns of 
biofilm activity were observed on porous type HAs after 2 and 7 days incubation.  Specifically, 
cells were observed within pores after 2 days (Figure 5.3C). This activity might incorporated with 
the abundant of exopolysaccharide production by the cells reside in the pores. Similarly, matured 
biofilm structures were observed on the top of HA particles after 7 days incubation (black arrows 
in Figure 5.3D), with wider gaps of 2.5 to 4.0 µm between particles (white arrows). Hence, biofilm 
formation caused greater degradation of porous HA than dense HA.   
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Figure 5.3. A. actinomycetemcomitans Y4 biofilm on HA surfaces after 2 and 7 days 
incubation. A & B, biofilm formations on dense type HA surfaces; C & D, biofilm formation on 
porous type HA surfaces; Black arrows indicate the mature biofilm attached to HA surfaces. White 
arrows show gaps between HA particles in porous type HA. 
 
In the present scanning electron microscope analyses of biofilm formation, gaps appeared between 
particles in dense and porous type HAs after 7 days incubation with A. actinomycetemcomitans 
Y4. These observations suggest that continuous A. actinomycetemcomitans biofilm activity 
increases surface porosity of dense HA to promote greater bacterial adhesion.  Because the critical 
pH of dental enamel (5.5)(Dawes 2003) is lower than that of  culture medium, minerals might 
precipitate rather than dissolve into the medium. Accordingly, the pH of the culture medium was 
maintained between 6.2 and 6.4 throughout the present experiments. 
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In contrast, P. gingivalis 381 biofilm formed more slowly than those of A. actinomycetemcomitans 
Y4, and after 2 days incubation, few cells were attached to the surface of dense type HA (white 
arrows in Figure 5.4A). However, after 7 days of incubation, increase in biofilm formation 
observed. The bacterial cells aggregate in biofilm were connected by EPS (black arrows in Figure 
5.4B). However, the biofilm formation observed not completely covered dense HA surface. 
Whereas for porous type HA, several cells were attached to the surface after 2 days incubation, 
and pores were filled with various bacterial products, including slime or EPS (white arrows in 
Figure 5.4C). After 7 days incubation, mature biofilm structures with densely aggregated cells 
were observed covering the porous surface (indicated by black arrows in Figure 5.4D). 
 
Figure 5.4. Biofilm formation of P. gingivalis 381 on HA surfaces after 2 and 7days 
incubation. A & B, biofilm formations on dense type HA surfaces; C & D, biofilm formations on 
porous type HA surfaces; White arrows indicate cells attached to HA surfaces. Black arrows 




Biofilm activity shown by P. gingivalis 381 observed different from A. actinomycetemcomitans 
Y4, which dispersed their biofilm after 7 days of incubation. This finding suggesting that biofilm 
dispersal is species dependent activity. However, since the biofilm biomass was not measured at 
every single days of the incubation there is possibility if there was biofilm dispersal was also 
occurred by P. gingivalis 381 biofilm from day 2 to day 7 of incubation, but not as much as shown 
by A. actinomycetemcomitans Y4.  
 
5.3.4. Calcium leakage activity 
 
The effects of periodontal pathogen biofilm on HA were further investigated by determining 
calcium leakage after 2 and 7 days incubation. Specifically, calcium ions were detected in 
supernatants from biofilm assays with HA discs, indicating the dissolution of calcium ions from 
HA due to the biofilm or pH change during the bacterial growth. Average pH values of A. 
actinomycetemcomitans Y4 and P. gingivalis 381 over the incubation times are at pH 6.4 and 7.7 
respectively (Figure 5.5), whereas the bacteria-free medium remained at approximately 7.2 (Figure 
5.5). 
 
 The dissolution and re-precipitation of calcium phosphate from HA disc might be influenced by 
the concentration of the calcium ion in the culture medium throughout the incubation time.(Guth 
et al. 2011)  Both dense- and porous-type HAs without bacterial cells showed no significant 
difference in the leakage of calcium. Conversely, with the presence of bacteria cells, there were 
significant different of the calcium amount of the supernatants with dense and porous type 
throughout the incubation time. After 2 days of incubation, calcium amount of the supernatant 
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from dense type HA for both bacteria species shows lower than in control supernatants, but after 
7 days incubation, the amount of calcium was restored to control level. Conversely, for porous 
type HAs, a significant increase in calcium concentrations was observed after 2 and 7 days in the 
presence of A. actinomycetemcomitans Y4 (Figure 5.5A) whereas in the presence of P. gingivalis 


















Figure 5.5. Calcium concentrations and pH in medium with and without bacteria after 2 and 
7 days incubation with dense and porous type HAs. A,  Calcium leakage in the presence of A. 
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actinomycetemcomitans Y4 (A.a) in BHI medium;  B, calcium leakage in the presence of P. 
gingivalis 381 (P.g) in GAM medium. Open circles represent the pH value at day 2, whereas grey 
triangles represent the pH value at day 7 of incubation. Bars represent the mean, error bars 
represent standard deviation and significance was measured using paired T-test (* = P< 0.05, 
**=P< 0.01). 
 
Comparison in calcium leakage from HA with or without biofilm shows only little different. 
However, HA surface changes likely reflect bacterial activity, and calcium uptake throughout 
bacterial growth, and biofilm formation is reportedly subject to regulation of movement across 
Gram-negative cell walls by lipopolysaccharide-rich outer membranes.(Denyer and Maillard 
2002; Leive 1974) Specifically, negatively charge LPS molecules have strong affinity for cations, 
such calcium (Ca2+) and magnesium (Mg2+), which are required for the thermodynamic stability 
of the outer membrane.(Hancock 1984) In addition, calcium is required for the activity of repeat 
in toxin (RTX) in A. actinomycetemcomitans.(Baumann et al. 1993; Kachlany 2010). Similarly, 
the observed changes in calcium concentrations in supernatants may reflect calcium uptake by P. 
gingivalis 381. These mechanisms may indicate contributions of these bacterial species to changes 




The present porous type HA was chosen to represent dentin surfaces with greater vulnerability and 
promoted greater microbial colonization. However, higher bacteria activities in oral cavities might 
induce inflammatory responses that contribute to progressive damage to periodontal 
cells.(Guthmiller et al. 2001) In addition, invasion of dentin structure by A. 
actinomycetemcomitans might promote progressive infection to pulp and root canal 
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areas.(Haapasalo and Orstavik 1987) However, A. actinomycetemcomitans Y4 biofilm formation 
damaged dense and porous HA surfaces without involvement of immune cells in the present 
experiments. Hence, establishment of A. actinomycetemcomitans biofilm might contribute to 
changes in HA morphology. However, P. gingivalis 381 biofilm readily attached to HA surfaces 
but did not affect dense or porous surfaces, suggesting the requirement of endogenous immune 
responses for significant damage to dentin or enamel. Taken with previous studies, the present 
comparisons of periodontal biofilm formation indicate the relative contributions of bacteria to 



















PROBIOTIC INDUCE PHAGOCYTIC KILLING OF A. actinomycetemcomitans Y4 IN 




Macrophages are key components in the innate immune response against invading microorganisms 
and play a significant role to the shape of inflammatory environment in the tissues (DeLeo 2004).  
Their response is rapidly changed and influenced by the local microevironmental signals (Murray 
and Wynn 2011). Following tissue injury or infections, the initial responder macrophage usually 
expressing an inflammatory phenotype and producing pro-inflammatory mediators such as tumour 
necrosis factor (TNF), interleukin-1 (IL-1), IL-6, IL-18, IL-12 (Cohen 2002). This response 
promotes the activation of various antimicrobial mechanism such as production of reactive oxygen 
species and nitrogen intermediates including nitric oxide (NO) and superoxide, which are highly 
toxic for killing process of the invading microorganism (Murray and Wynn 2011). However, 
excessive or prolonged macrophage activity for the bacteria clearance may contributes to the 
damage of neighboring tissues of the site of infections (Benoit et al. 2008). A common example 
of this condition is periodontal disease that are associated with pathogenic microbes in the 
subgingival biofilm such as Porphyromonas gingivalis , Tannerella forsythia, Treponema 
denticola and Aggregatibacter actinomycetemcomitans that producing several inducers and toxins 




The pathogens able to apply another mechanism via modulation of leukocyte apoptosis or 
cell death of macrophage which resulting an adversely effect of host immune response to the 
infections (DeLeo 2004; Meyer et al. 1996). Basically normal resolution for microbial infections 
involves phagocytosis and killing activity of invaded bacterial, and followed by neutrophil 
apoptosis and subsequently  removal by macrophages (DeLeo 2004). However, the normal 
pathway might be altered by the pathogens via escaping the phagosomes, induction of neutrophil 
lysis or delayed apoptosis to promote survival and replication of intracellular pathogen (DeLeo 
2004; Meyer et al. 1996). The mechanism involves interference of the classical maturation of the 
phagosome, blocking fusion with endosomes and also lysosomes (do Vale et al. 2016). Afterwards, 
reduce the ability of phagosomes to acquire late endocytic markers and an acidic pH to kill the 
intracellular pathogen (Beertsen et al. 2008).   
 
In this study, our main focus is periodontal pathogen, A. actinomycetemcomitans due to 
several virulence factors owns by this species which implicates to the chronic and aggressive form 
of periodontitis (Haffajee and Socransky 1994; Teles et al. 2010). There is evidence of the 
correlation between high proportion of A. actinomycetemcomitans and loss of attachment of the 
periodontal tissue (van Winkelhoff et al. 1994). This bacterium employ multiple gene products 
against the immune defenses such as large pore-forming protein that belongs to Repeat in Toxin 
(RTX) family (Johansson 2011) and leukotoxin proteins (Pahumunto et al. 2015). The RTX toxins 
are regulated by rtx genes (Linhartová et al. 2010) and mediates by cellular receptor, the 
lymphocyte function-associated antigen (LFA-1), thus resulting selective effect on leukocytes 
(Lally et al. 1997). Whereas the leukotoxin (Ltx) proteins were regulated by four genes ltxC, A, B 
and D (Handerson Brian et al. 2002). Basically LtxA protein has to be acylated by LtxC and an 
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acyl barrier protein to be biologically active. Meanwhile LtxB and D proteins are responsible for 
the transportation and secretion of LtxA (Lally et al. 1991). The effect of Ltx onto target cells 
induce apoptosis cell death via mitochondrial perturbation (Korostoff et al. 2000). Besides that, 
another toxins that significant as immunosuppressive factor by A. actinomycetemcomitans is 
cytolethal distending toxin (Cdt) (Shenker et al. 1999). Cdt of A. actinomycetemcomitans was 
found disrupts the RAW264.7 murine macrophage functions by inhibiting phagocytic activity as 
well as affecting the production of cytokines (Ando-Suguimoto et al. 2014). Furthermore, the 
capacity of Cdt subunit B from this bacterium was reported as greater in inducing G2 arrest in 
Jurkat cells compared to other Cdt peptides (CdtA and CdtC), whereby resulted an 
immunosuppressive condition (Shenker et al. 2003). In addition, this bacterium was reported to 
have greater cytotoxic effect against murine macrophage cells line J744.1 compared to other 
periodontal pathogens, P. gingivalis strains (Kato et al. 1995a). Induction of apoptosis was 
different from classical apoptosis that involve caspase-1 and caspase-3 activations (Nonaka et al. 
2001). 
 
Routine applications such as antibiotic administration for treatment of A. 
actinomycetemcomitans infection seemly not providing a satisfying resolution since A. 
actinomycetemcomitans strains is a highly adaptable microorganism (Fives-Taylor et al. 1999) and 
evolution to resistance against the antibiotics must be expected. Effect of six antibiotics 
(erythromycin, ofloxacin, ampicillin, cephalexin, tetracycline and minocycline) against a rough-
type strain A. actinomycetemcomitans were reported inhibited on the early phase of biofilm, 
however the susceptibility was decreased as biofilm matured (Takahashi et al. 2007). In addition, 
antibiotic resistance study from the periodontopathogenic bacteria isolated during years 1991 to 
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2005 by Kulik et al (Kulik et al. 2008) showed, 88% of  A. actinomycetemcomitans isolates were 
no longer susceptible to phenoxymethylpenicillin and clindamycin, whereas no antibiotic 
resistance was detected in P. gingivalis and  only few isolates of  Prevotella intermedia that not 
susceptible to clindamycin (0.9%), phenoxymethylpenicillin (13.5%) or tetracycline (12.6%) 
(Kulik et al. 2008). This finding makes A. actinomycetemcomitans as the antibiotic resistance 
determinants among other periodontal pathogens.  
 
Alternative approach via probiotic usage seemly promising to combat the pathogenic effect 
by A. actinomycetemcomitans. This is due to several merits reported by the probiotic strains in 
modulating the immune response (Jang et al. 2014; Jang et al. 2013; Ji et al. 2013; Oelschlaeger 
2010). For instance, in vitro model study showed that probiotic bacteria from either Lactobacillus 
spp. or Bifidobacterium spp able to decrease viral infections by enhancing the antiviral state in the 
macrophage by NO and inflammatory cytokines production such as IL-6 and INF-γ (Ivec et al. 
2007). Macrophage activation by lactobacilli exposure was also reported when murine 
macrophage cell line J744.1 produced both inflammatory and anti-inflammatory cytokines such as 
IL-6, IL-12, IL-10 and TNF-α (Morita et al. 2002). Thus, the present study aims to evaluate the 
potentials for lactobacilli spp. to activate the murine macrophage cell line RAW264.7 via induction 
of phagocytosis activity. Subsequently, the efficiency of lactobacilli-activated macrophage was 
determined by A. actinomycetemcomitans invasion, and the activity was compared with the 
without lactobacillus-activated macrophage. 
 




6.2.1. Cells culture 
 
RAW264.7 murine macrophage-like cell line was grown in α-MEM  medium (GIBCO 
Laboratories, Grand Island, NY, USA) supplemented with 5% fetal bovine serum (FBS), penicillin 
G (100 U/ mL), and streptomycin (100 ug/mL) at  37C in 5% CO2 incubator. 
 
6.2.2. Bacteria strains and culture conditions 
 
A. actinomycetemcomitans strain Y4 was obtained from Kyushu Dental University, Japan and 
grown in brain-heart infusion (BHI) (Wako) containing Brain Heart (8 g/L), peptic digest animal 
tissue (5 g/L), Pancreatic Digest of Casein (16 g/L), sodium chloride (5 g/L), 0.2% glucose (w/v) 
and disodium phosphate (2.5 g/L) with 1% yeast extract at 120 rpm, 37C in 5% CO2 incubator 
for 48 hours. Whereas, probiotic bacteria Lactobacillus johnsonii NBRC 13952, L. plantarum 
NBRC 15891, and L. fermentum NBRC 15885 were obtained from Kitakyushu College of 
Technology, Japan. All probiotic bacteria were grown in De Man, Rogosa and Sharpe (MRS) 









Overnight culture of A. actinomycetemcomitans Y4 or probiotic lactobacilli was centrifuged at 10 
000 rpm for 10 min. The pellet was collected and washed twice using sterilized distilled water. 
Prior to autoclave at 120C for 15 min, the pellet suspension was adjusted to cell concentration 2 
x 1010 cell/mL. Lastly, all samples was freeze dry to powder form and preserve at -20C for further 
experiment.  
 
6.2.4. Screening of phagocytosis activity 
 
The phagocytosis activity of the macrophage was determined using phagocytosis assay kit 
(Cayman Chemical Company, USA). One day prior the experiment, RAW264.7 cells were 
cultured in tissue culture set-ups (1 x 106 cell/mL), seeded in six-well plates Corning Glass works) 
at concentration 4 x 105 cell/mL and incubated at 37 C in 5% CO2 incubator. Dead cells pellet of 
A. actinomycetemcomitans Y4 or probiotic bacteria, L. johnsonii NBRC 13952, L. plantarum 
NBRC 15891 and L. fermentum NBRC 15885 were diluted to MOI 1000:1 (bacteria cells : 
macrophage cells) in α-MEM  medium. A 2 ml of each bacteria suspension was added into the 
well with RAW264.7 macrophage cells. Well without bacteria was used as a negative control. All 
samples were incubated for 24 hour at 37C in 5% CO2 incubator. Determination of phagocytosis 
activity was performed using latex beads-Rabbit IgG-FITC (Cayman Chemical Company, USA). 
Principally latex bead-Rabbits IgG-FITC is an immunochemical techniques. The latex beads are 
coated with Immunoglobulin-G (IgG) and Fluorescein isothiocyanate (FITC). The IgG molecules 
will bind with Fc receptor on the surface of the activated macrophage and caused engulfment of 
the beads. Thus, the presence of beads, inside the macrophage cells indicates activation of 
macrophage occurred. The higher number of macrophage with the internalized bead, the higher 
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the activation may took place. The presence of the beads inside the macrophage cells able to be 
observed by fluorescent microscope. The latex-beads were prepared by dilution to 1:40 in the α-
α-MEM medium.  The culture assay supernatant was removed and replaced with the FITC beads 
solution and incubated for 2 hour in 5% CO2 incubator at 37C. The phagocytosis activity was 
evaluated as internalization of the fluorescent beads by the macrophage cells, using fluorescent 
microscope (brand). Percentage of phagocytosis activity was calculated based on the total number 
of macrophage cells with internalized fluorescent beads over total number of macrophage cells. 
 
6.2.5. Cell viability 
 
The cytotoxic effect of bacterial cells against RAW264.7 macrophage was determined using trypan 
blue exclusion method. Briefly, the overnight culture of the bacterial cells were centrifuged at 3000 
g for 10 mins, and suspended in α-MEM medium. The cells ratio of bacteria and macrophage were 
adjusted to MOI 500:1, 50:1 and 5:1 prior co-incubation for 2 hours in 5% CO2 atmosphere. 
Subsequently, the cell were washed thrice with α-MEM   medium supplemented with 200 µg/mL 
gentamycin prior to incubation in 2 mL antibiotic free α-MEM  medium for another 18 hours in 
5% CO2 incubator at 37C. The viability of the macrophage cells were determined by 0.4% Trypan 
blue dye (Nacalai Tesque) exclusion method, and the cells were counted using a hemocytometer. 
Besides that, the effect of bacterial cells against RAW264.7 cells was also investigated via 
fluorescence label method using Cytotoxicity assay kit for mammalian cells (Thermofischer). The 
total amount of bacteria was performed using fluorescence microscope by automated counting in 
microscopic images of fluorescence labeled cells. Green stained cells represent the alive 
RAW264.7 macrophage cells after being co-incubated with the bacterial cells, whereas the red 
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stained cells represent the dead cells. The total number of alive macrophage cells that co-incubated 
with bacteria cells were deducted with the total number alive cells from untreated macrophage, 
divided with the total number alive cells from untreated macrophage and converted to percentage. 
 
6.2.6. Flow cytometry analysis  of CD80 molecule expression 
 
The RAW264.7 macrophage cells were co-incubated with L. johnsonii NBRC 13952 at MOI 1:5 
in 5% CO2 incubator at 37C for 24 hours. The cell pellets were harvested via centrifugation at 13 
000 rpm for 10 minutes. Subsequently, the cell pellets were washed twice with sterilized PBS prior 
to incubation in the FITC Anti-mouse CD80 (Biolegend, San Diego, CA) at concentration 0.025 
mg/ml for 2 hours at 4C in the dark. Afterwards, the cells pellet washed twice with sterilized PBS 
prior to analyzing with Flow cytometer EPICS XL (Beckman Coulter). The expression of CD80 
molecules was compared with the untreated RAW264.7 macrophage cells. 
 
6.2.7. RNA extraction and real-time Polymerase Chain Reaction (RT-PCR) analysis 
 
RAW264.7 cells were harvested and centrifuged at 4C prior stored at -80C. RNA extraction 
from the cell pellets was performed using a Qiashredder and RNeasy Mini Kit (Qiagen, Valencia, 
CA, USA) according to manufacturer instruction. Total RNA was employed for cDNA synthesis 
using ReverTra Ace qPCR RT master mix (Toyobo Co. Ltd. Japan), following manufacturer 
protocols. Primers for RT-PCR were designed using Primer Express 3.0 software (Applied 
Biosystems, Foster city, CA, USA), the reactions were prepared using Brilliant III Ultra FAST 
SYBR® green qPCR master mix (Agilent Technologies, USA) and the detection was performed 
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using Applied Biosystem StepOne TM Real-time PCR system. The gene expression was calculated 
using the comparative CT (ΔΔCT) method.  All samples were normalized using primers specific 
to the β-actin gene. The primers used for real-time PCR were as follows: mouse CD80 (Gene Bank 
accession number), forward 5’-TCCATGTCCAAGGCTCATTC-3’ and reverse 
5’TAACGGCAAGGCAGCAATA-3’, mouse IL-1β, forward 5’AGTTGACGGACCCCAAAA 
GA-3’ and reverse 5’-GGACAGCCCAGGTCAAAG G-3’, mouse IL-18, forward 5’-CTCCAG 
CATCAGGACAAAGAA A-3’ and reverse 5’GGCCAAGAGGAAGTGATTTGG--3’ and mouse 
beta actin forward 5’-CTGAACCCTAAGGCCAACCGTG-3’ and reverse 5’-GGCATA 
CAGGGACAGCACAGC C-3’. 
 
6.2.8. Pre-activation assay 
 
Briefly, RAW264.7 macrophage cells were co- incubated with L. johnsonii NBRC 13952 at MOI 
5 for 24 hour in 5% CO2 incubator. Subsequently, the supernatant was discarded and replace with 
fresh α-MEM medium containing viable A. actinomycetemcomitans Y4 cells at MOI 50. The 
bacteria cells were pellet down to the bottom of the well via centrifugation at 1000 g for 10 min, 
and followed with 60 min incubation in 5% CO2 atmosphere at 37C to allow phagocytosis activity. 
Subsequently, the cells were washed thrice using α-MEM medium supplemented with 200 µg/mL 
gentamycin, to remove the bacteria cells from the medium. Subsequently, the assay was replace 
with fresh α-MEM medium supplemented with 5% fetal blood serum and incubated for another 
24 and 48 hour. The supernatant was collected by centrifugation and preserve at -80C for further 




6.2.9. Analysis of SUBG1 DNA  
 
The analysis of SUBG1 DNA was performed by harvesting the cells from the assay via 
centrifugation at 13 000 rpm for 10 minutes. The pellets were wash twice in PBS prior 30 min 
incubation with propidium iodide (PI) (50 µg/ mL) at 4C. Subsequently, the level of SUBG1 was 
analyzed using EPICS XL (Beckman Coulter). The cycle phases were analyzed using 
MULTICYCLE for Windows (Pheonix Flow System). 
 
6.2.10. Statistical Analysis 
 
Data from at least three independent experiments represented as mean ± SD (standard deviation). 
Comparisons were performed by of Student t-test using GraphPad Software and P ˂ 0.05 was considered 
as significant. 
 
6.3. Result and discussion 
 
Basically, A. actinomycetemcomitans is a significant periodontal pathogen which implicates to 
aggressive juvenile periodontitis (Aberg et al. 2015). A. actinomycetemcomitans produced 
immunosuppressive factor (Shenker et al. 1999), inhibit the phagocytosis activity and cytokines 
productions (Ando-Suguimoto et al. 2014), and promote the apoptotic cell death of the macrophage 
(Kato et al. 1995a; Okinaga et al. 2013; Okinaga et al. 2007). Thus, A. actinomycetemcomitans Y4 
as invasion target is an important parameter in order to evaluate the effectiveness of the pre-
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activated RAW264.7 cell with the probiotic lactobacilli against A. actinomycetemcomitans 
infection. 
 
6.3.1. Probiotic lactobacilli enhance the phagocytosis activity. 
 
Phagocytosis activity is an important indicator for the macrophage activation, prior to complex 
response of host immune defense against a pathogen. Activated macrophage might instruct 
macrophages to kill microbes (classical activation), producing extracellular matrix components to 
promote would healing (alternative activation) or secreting anti-inflammatory cytokines to 
terminate inflammation (regulatory macrophages) (Mosser and Zhang 2008). In this study, we are 
focusing on the classical activation of the macrophage to promote killing activity against 
periodontopathic bacterium A. actinomycetemcomitans Y4.  
 
The phagocytosis activity of the macrophage cells triggered by the probiotics lactobacilli might 
represent the influence of these bacteria to activate the immune response. As shown in figure 6.1, 
phagocytosis activities of RAW264.7 cell induced by dead cells of probiotic lactobacilli was 
significantly higher (p<0.001) compared to untreated and those with A. actinomycetemcomitans 
Y4 cells. The highest activity was shown by L. johnsonii NBRC 13952, followed by L. plantarum 
NBRC 15891 and L. fermentum NBRC 15885. On the other hand, macrophage cells induced by 
dead A. actinomycetemcomitans Y4 cells showed lower in phagocytosis activity compared to 
probiotic lactobacilli at MOI 1000. This is in agreement with previous study which reported the 
inhibition of phagocytosis activity by A. actinomycetemcomitans cells in RAW264.7 murine 
macrophage cells (Ando-Suguimoto et al. 2014). In addition, components of probiotic lactobacilli 
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might own a factor that activates the macrophage cell. The roles of probiotic lactobacilli in 
stimulating the macrophages was also documented in previous study by L. casei CRL 431 and L. 
paracasei CNCM 1-1518 (Lemme-Dumit et al. 2015). 
 
Figure 6.1. Phagocytosis activity of RAW264.7 after 24 hour co-incubation with bacteria cells. 
RAW264.7 macrophage was co-incubated with A. actinomycetemcomitans Y4 (A.a Y4) or the 
probiotic strain L. fermentum NBRC 15885 (Lf 15885), L. plantarum NBRC 15891 (Lp 15891) 
and L. johnsonii NBRC 13952 (Lj 13952) at MOI 1000 prior evaluated for phagocytosis activity 
using Latex beads-Rabbit IgG FITC. Bar represent mean, error bar present standard deviation and 









The ability of dead probiotic lactobacilli to enhance the phagocytosis activity in RAW264.7 raise 
our interested.  The possibility of the bacteria cells to cause death in the RAW264.7 was evaluated 
using viable bacteria cells at MOI 500, 50 and 5. As shown in Figure 6.2A, we found that probiotic 
lactobacilli have no or less cytotoxic effect on RAW264.7 at all MOI. The highest cytotoxic effect 
shown by the probiotic lactobacilli is by L. fermentum NBRC 15885 at MOI 500 and 50, which 
contributed to 55 and 41% % cell death respectively. Whereas other probiotic lactobacilli showed 
no cytotoxic effect as compared with untreated macrophage. Among three species of probiotic 
lactobacilli, L. johnsonii NBRC 13952 has shown the least cytotoxic effect against the RAW264.7. 
In contrast, viable A. actinomycetemcomitans Y4 cells showed highly toxic against the RAW264.7 
and the percentage of cell death was from 77 to 94% at MOI 5 and 500 respectively.  
 
Western blot analysis of the supernatant from RAW264.7 revealed the production of pro-IL-Iβ 
(31kDa) by all macrophage cells that co-incubated with A. actinomycetemcomitans Y4 or probiotic 
lactobacilli. Whereas the active form of IL-1β (17kDa), was only expressed by macrophage cells 
that incubated with A. actinomycetemcomitans Y4. No active form of IL-1β production was 
observed from the macrophage cells that co-incubated with the probiotic lactobacilli (Figure 6.2B). 
Pro- Iβ (31kDa) is cleaved from the pro-inflammatory protease caspase-1 (Thornberry et al. 1992). 
The presence of pro-IL-Iβ (31kDa) might occur in response to a molecular motif that carried by 
the bacterial cell. Whereas, the presence of active form IL-1β (17kDa) by macrophage might 
suggest endogenous molecules were released from dead macrophage cells which induce the 
secretion of active IL-1β (Lopez-Castejon and Brough 2011). Thus, this finding might suggest that 
probiotic lactobacilli are not cytotoxic to the macrophage cells, meanwhile, promote the activation 


















Figure 6.2. Viability of RAW264.7 by bacteria invasion. (A) Represents percentage of 
RAW264.7 macrophage cell death by two hours of invasion times with bacteria cells at MOI 500, 
50 and 5. The viability of RAW264.7 macrophage was determined by trypan blue exclusion 
method after 24 hour incubation. A.a Y4 represents A. actinomycetemcomitans Y4, probiotic 
bacteria Lj 13952 represents L. johnsonii NBRC 13952, Lj15891 represents L. plantarum NBRC 
15891 and Lf15885 represents L. fermentum NBRC 15885. (B) Represents the IL-1β detected via 




MOI 500. (C) represent different of live cells number of RAW264.7 macrophage after 24 hour co-
incubation with bacteria cell compared to untreated. Bar represent mean, error bar represent standard 
deviation and significance was measured using unpaired T-test (* = P< 0.05, **=P< 0.01, ***= 
P<0.001). 
 
In addition, the influence of probiotic lactobacilli and A. actinomycetemcomitans Y4 on 
RAW264.7 cell were also evaluated using fluorescence staining method.  Our finding showed that, 
viability and proliferation of RAW264.7 cells co-incubated with the probiotic lactobacilli were 
increased compared to control (Figure 6.2C). Different in the number of viable RAW264.7 cells 
co-incubated with probiotic lactobacilli was up to 20 to 50% higher compared to the untreated 
cells. This finding might suggests that co-incubation with probiotic lactobacilli promotes 
proliferation of the macrophage cells. In contrast, for the cell co-incubated with A. 
actinomycetemcomitans Y4, the number of viable cells were observed negatively proliferate 
compared to control, which indicates a numbers of RAW264.7 cells were undergone cell death. 
The ability of the probiotic bacteria in inducing the macrophage proliferation was also reported in 
previous study, when a significant increase of macrophage viability observed in J774.1 murine 
macrophage cells that was co-incubated with L. rhamnosus before and after the herpes simplex 








The phagocytosis activity and the expression of M1 marker were determined using RT-
PCR after 24 hour co-incubation with viable L. johnsonii NBRC 13952 at MOI 5 (Figure 6.3) We 
found that L. johnsonii NBRC 13952 at MOI 5 induced higher phagocytosis activity (p<0.001) 
compared to untreated (Figure 6.3A).  Evaluation of the expression of M1 macrophage marker, 
CD80 and IL-1β showed a significance different compared to untreated macrophage (Figure 6.3B 
& 6.3C). In contrast, IL-18 showed no significant different compared to untreated (Figure 6.3D). 
Higher in phagocytosis activity and expression of M1 marker indicates that RAW264.7 
macrophage cells were induced to activation by L. johnsonii NBRC 13952. We found, an elevated 
level of IL-1β expression by the pre-activated RAW264.7 macrophages, meanwhile the viability 
of the macrophages was not affected. This finding might be the pro-form of IL-1β which are 
inactive form and require the pro-inflammatory protease caspase-1 (Thornberry et al. 1992) for the 
recruitment of a inflammasome (Lopez-Castejon and Brough 2011) and subsequent pro-
inflammatory activities (Aberg et al. 2015).  In addition, high expression of IL-1β may correlate 
with high phagocytosis activity induced by L. johnsonii NBRC 13952. The previous study 
documented that different cytokines such as tumor necrosis factor alpha (TNFα), IL-1β, 
granulocyte macrophage colony-stimulating factor (GM-CSF), and transforming growth factor 






Figure 6.3. Activation profiles of RAW264.7 macrophage after 24 hours co-incubation with 
L. johnsonii NBRC 13952 at MOI 5. (A) Represents the induction of phagocytosis activity by L. 
johnsonii NBRC 13952. (B) Represent the apoptosis activity of the cell base on SUBG1 level. (C 
and D) represent the expression of IL- 1β and IL-18 from RAW264.7 cells respectively. Bars 
represent mean, error bars represent standard deviation and significant was measured using 
Student’s t-test (* = P< 0.05, **=P< 0.01, ***= P<0.001). NS represent not significant different. 
 
In addition, the level of CD80 was also evaluated by flow cytometer. Evaluation by a flow 
cytometer may reconfirm the induction of macrophage activation was occurred by during co-
incubation with L. johnsonii NBRC 13952. As shown in figure 6.4, espression of CD80 molecules 
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in RAW264.7 cells that was co-incubated with L. johnsonii NBRC 13952 at MOI 5 was up-










Figure 6.4. Analysis of CD80 expression of RAW264.7 cell after 24 hours incubation by flow 
cytometer. (A) represent untreated cells, whereas (B) represent cells that co-incubated with  
Lj13952 (L. johnsonii NBRC 13952) at MOI 5. 
 
 
Basically, CD80 is one of important costimulatory ligand in the initiation and maintenance of an 
immune response (Xiang et al. 2008). Usually, CD80 is expressed on the activated B cells or 
antigen presenting cells (APC) (Kaneko 2015). Specific amino acid within C domains of CD80 
are critical for the cytotoxic T lymphocyte antigen-4 (CTLA-4) binding (Vasu et al. 2003). The 
CTLA-4 was found to be expressed in all activated T-cells and roles as early activation marker 




CD80 upregulation may important for the subsequent process of T cell proliferation and cytokines 
production in response to an infection (Mukherjee et al. 2002).  
 
6.3.4. Induction of phagocytic killing by the activated macrophage 
 
The role of phagocytic cells against A. actinomycetemcomitans Y4 was investigated. The 
phagocytosis activity of the Lj13952 pre-activated macrophage was determined after being 
exposed to A. actinomycetemcomitans Y4 cells. We found that, the level of phagocytosis activity 








Figure 6.5. Phagocytosis activity of the pre-activated RAW264.7 macrophage cells in 
comparison with control cells. Untreated cells represent the macrophage cells without exposure 
to bacteria cells, A.a only represent, the macrophage cells co-incubated with A. 
actinomycetemcomitans Y4 only, Lj13952 represent the macrophage cells co-incubated with L. 
johnsonii NBRC 13952 only, whereas Treatment represent the macrophage cells that were pre-
activated with L. johnsonii NBRC 13952 followed with 2 hours invasion time with A. 
































deviation, and significance was measured using Student’s t-test significance was measured using 
Student’s t-test (* = P< 0.05, **=P< 0.01, ***= P<0.001). 
 
This finding suggests that pre-activation of the macrophage cells with L. johnsonii NBRC 13952 
may prepare an activation condition in the macrophage cells. The activated macrophage cells 
might induced greater internalization of the A. actinomycetemcomitans Y4 cells.  
 
The effectiveness of L. johnsonii NBRC 13952 activated macrophages toward A. 
actinomycetemcomitans cells infection was evaluated. The RAW264.7 cells were pre-activated 
with L. johnsonii NBRC 13952 for 24 hours prior invasion with A. actinomycetemcomitans Y4. 
The apoptosis activity was analyzed base on the SUBG1 level, and the apoptotic activity was 
compared with those without L. johnsonii NBRC 13952 activation. We observed that pre-activated 
RAW267.4 cells have significantly higher SUBG1 level (p<0.001) as compared to the RAW264.7 
macrophage cells with A. actinomycetemcomitans Y4 internalization, but without L. johnsonii 
NBRC 13952 pre-activation (Figure 6.6). 
 
A. actinomycetemcomitans Y4 are cytotoxic against the macrophages by promoting the apoptosis 
of the cells (Kato et al. 1995b). The induction of apoptosis activity was inhibited by cytochalasin 
D which suggesting the necessity of A. actinomycetemcomitans internalization inside the 
macrophage cells (Kato et al. 1995a). Hence, invasion of A. actinomycetemcomitans Y4 by the 
pre-activated RAW264.7 macrophages may induce greater IL-1β production (Okinaga et al. 2015), 
activation of inflammasome complex (Aberg et al. 2015) and  caspase-1 and caspase-3 proteins 
(Nonaka et al. 2001) and resulting apoptotic cell death of macrophages. Conceptually, pre-
activated RAW264.7 macrophage induced by the probiotic lactobacilli, L. johnsonii NBRC 13952 
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might prepare an activation mode of macrophages cells for the internalization of the A. 
actinomycetemcomitans cells and subsequently contributed to the apoptotic cell death. 
 
In addition, the ingested A. actinomycetemcomitans Y4 cells might be killed when the macrophage 
cells commits suicide via apoptosis (Schaechter et al. 2012). In addition, the probiotic lactobacilli 
might induce the nitric oxide production by the macrophage cells which is important for killing 
activity of the ingested microbes (Korhonen et al. 2001).This might be an important pathway for 
the total killing or clearance of the A. actinomycetemcomitans cells inside the macrophage cells.  
 
Figure 6.6. Comparison in apoptosis activity (SUBG1 level) of RAW264.7 after 24 and 48 
hour incubation by A. actinomycetemceomitans Y4 (A.a Y4) invasion by the macrophage with 
and without L. johnsonii NBRC 13952 (Lj 13952) activation. Untreated represent the 
macrophage cells without bacteria cells, A.a Y.4 control represent the apoptosis level of 
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macrophage cells with A. actinomycetemcomitans Y4 invasion only. Lj13952 control represent the 
apoptosis level of macrophage cell pre-activated with L. johnsonii NBRC 13952 without A. 
actinomycetemcomitans Y4 invasion. Treatment represent apoptosis level of macrophage cells that 
were preactivated with L. johnsonii NBRC 13952 and invaded with A. actinomycetemcomitans Y4. 
Bars represent means, error represent standard deviation, and significance was measured using 





This study showed the potential roles played by the probiotic lactobacilli in counteract the A. 
actinomycetemcomitans infection. Pre-activation of the macrophage cells with probiotic 
lactobacilli, L. johnsonii NBRC 13952 might promote an activated mode of the macrophage cells 
without affecting their viability. This condition is important as a preparative condition prior to 















CONCLUDING REMAKS AND SUGGESTION FOR FUTURE RESEARCH 
 
The study of the probiotic lactobacilli as a counteraction strategy against the periodontal disease 
shows promising finding. This finding might be indeed useful for the understanding of the 
physiological dynamic that occurred between probiotic lactobacilli and periodontal pathogen. 
Though probiotic cultures have been exploited extensively by the dairy industry as the functional 
food or supplementary product for health enhancement, specific research of the interaction 
between probiotic bacteria with the pathogens is still new. In addition, most research report of the 
lactic acid or metabolites products of the probiotic, and their functional role in human guts. The 
co-culture approach that was applied in this study might be a novel approach to evaluate the 
sustainability of the probiotic bacteria against the pathogens.  
 
In the first part of this study, it was found that the probiotic lactobacilli (L. johnsonii NBRC 13952 
and L. plantarum NBRC 15891) showed the bactericidal effect against the periodontal pathogen 
via indirect co-culture approach. Interestingly, the direct co-culture approach suggests that the 
probiotic lactobacilli have lost their inhibitive activity. This finding might provide a new insight 
of the possibility of the physical cell-to-cell contact may contribute to an evolvement of the 
bacteria cells toward adaptation mechanism for their survival. Investigation of the genes that might 
be expressed or depressed from the direct co-culture approach as compared to the indirect co-





In the second part of this study, probiotic lactobacilli demonstrate a robust degradation activity on 
A. actinomycetemcomitans Y4, and this novel property can be utilized as a starting point as agents 
that can directly interact with biofilms at a clinical level. Our finding suggests, that the key factor 
of biofilm degradation activity was not due to inhibitory activity, but might be due to lipase enzyme 
of the probiotic lactobacilli which may suggest the involvement of specific substrate by A. 
actinomycetemcomitans biofilm. Since, biofilm in a dental plaque structured by hundreds of 
bacterial species, there will be mixtures of bacterial components or products in the biofilm. Hence, 
there is plausible that the biofilm degradation ability will be influenced by the unspecific target. 
Thus, analysis of chemical composition of the biofilm in a dental plaque, by targeting the lipase 
substrate is crucial to against the dental plaque subsequently in vivo experimental prior to clinical 
commercialization.   
 
In the third part of the study, investigation of the effect of the periodontal pathogens towards tooth-
like surface might provide some novelty of the mechanism of the periodontal disease. As 
previously discussed, A. actinomycetemcomitans Y4 showed to affect the dense and porous types 
of hydroxyapatite surface. The possible contributing factor that causes this activity was due to 
calcium uptake by the A. actinomycetemcomitans which use the calcium for the maintenance of 
the cells and their virulence activity (Kachlany 2010; Munksgaard et al. 2012). For the future, it 
would be interesting to evaluate if fluctuations in the environmental conditions, like the presence 
of stress conditions of immune system effectors alter the biofilm formation of these pathogens.  
 
Finally, in the last part of this study, we found that probiotic lactobacilli able to influence the 
murine macrophage cell activity by inducing higher phagocytosis activity and promote the M1 
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macrophage activity which is important during an infection. For future research, it will be useful 
if the same approach is evaluated using in vivo study. In addition, evaluation of the probiotic 
lactobacilli against antibiotic resistant A. actinomycetemcomitans infections also interesting to be 
studied. Since, A. actinomycetemcomitans is highly adaptable bacteria, evaluation of the 
sustainability of the probiotic lactobacilli activity might provide some impact for the treatment 
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